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CHAPTER  I. 

OENEBAL  EEMABES  ON   CHEMICAL  ANALYSIS. 

L  Chbicibtbt  is  essentiallj  an  experimental  science.  Its  ob« 
ject  is  the  investigation  of  the  material  constituents  of  the 
globe,  and  the  study  of  their  different  properties  and  relations. 
The  student  is,  therefore,  constantly  engaged  in  observing  the 
phenomena  presented  on  submitting  the  different  substances 
that  come  under  his  notice  to  the  action  of  various  agents,  and 
in  the  accumulation  of  facts  derived  from  experimental  in* 
quhy.  It  is,  indeed,  this  circumstance  which  gives  to  Chemis* 
try  its  principal  charm ;  the  tyro  no  sooner  begins  to  read  than 
he  begms  to  make  experiments,  and  being  thus  enabled^  to  a 
eertain  extent,  to  verify  for  himself  the  facts  brought  before 
him,  he  acquires  an  interest  in  his  pursuit  which  attaches  him 
daily  more  and  more  to  it. 

2.  In  order  to  pursue  Analytical  Chemistrj^  with  any  chance 
of  success,  the  student  must  possess  certain  qualifications ; 
these  may  be  stated  to  be — habits  of  strict  order  and  scrupu- 
lous neatness;  a  dexterity  of  manipulation  which  practice 
alone  can  give ;  a  firm  conviction  that  the  laws  of  nature  are 
imchangeable,  and  that  variations  in  experimental  results  must 
eonsequently  imply  either  a  non-fulfilment  of  certain  necessary 
cQuditions,  or  some  error  in  manipulation;   and  a  rigorous 
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hanetiif,  not  only  in  recording  results,  but  in  experimenting, 
and  in  interpreting  the  pheoomena  which  present  themselves 
in  the  course  of  an  investigation. 

8.  The  determination  of  the  constituent  parts  of  a  compound 
body  is  termed  its  Analysis ;  and  this  may  be  either  of  two 
kinds,  according  to  the  object  which  the  operator  has  in  view. 
If  he  merely  seek  a  knowledge  of  the  general  nature  of  the 
substance,  he  is  satisfied,  when  by  the  application  of  certain 
tests,  and  by  the  performance  of  certain  operations,  he  has 
obtained  evidence  of  the  presence  of  those  elements  of  which 
the  compound  is  made  up,  and  the  analysis  he  performs  is 
called  Qualitative;  but  if  he  desire  to  appeal  to  the  balance, 
and  to  ascertain  not  only  the  nature^  but  the  actual  amount  of 
the  elements  present,  he  must  shape  his  analysis  in  such  a 
manner  as  to  separate  the  constituents  of  the  compound  com- 
pletely from  each  'oth6r,  and  obtain  them  either  pure  or  in 
some  other  well-known  form  of  combination :  he  then  performs 
a  Quantitative  analysis.     For  example,  if  on  the  addition  of  a 
few  drops  of  solution  of  ferrocvanide  of  potassium  to  a  clear 
liquid .  a  Hue  precipitate  be  obtained,  the  operator  is  at  once 
satisfied  of  the  presence  of  iron ;  and  if  he  is  working  qtMlita- 
tivehf  only,  this  experiment  is  with  regard  to  that  particular 
element  conclusive,  it  requires  no  additional  confirmation ;  but 
if  he  desire  to  estimate  the  exact  amount  of  iron  present,  be 
must  conduct  his  analysis  in  such  a  manner  as  to  separate 
every  particle  of  the  metal  in  the  state  of  sesquioxide,  in  which 
state  it  is  weighed,  and  the  amount  of  metal  deduced  by  calcu* 
lation.     Now,  before  the  chemist  can  proceed  to  estimate  the 
proportions  of  the  constituents  of  a  compound  body,  he  must 
know  exactly  how  many  elements  are  present,  and  what  those 
elements  are.     The  Qualitative  analysis  always,  therefore,  pre- 
cedes the  Quantitative  ;  and  it  will  be  necessary  to  separate  the 
two  courses  of  study,  and  to  treat  each  individually. 

QUALITATIVE  ANALYSIS— OPERATIONS  TO  BE  PERFORMED 

AND  APPARATUS  REQUIRED. 

SOLUTION. 

4.  To  prepare  a  substance  for  the  exer^on  of  chemical 
action,  and  to  suit  it  for  the  reception  of  the  various  teste  and 
reagents  to  which  we  may  wish  to  submit  it,  recourse  is  always, 
if  possible,  had  to  solution.     Now  solution  is  of  two  kinda^ 


0PEKATI0N8   A.NP  APPAKATUS.  S 

\mBg  effected  either  by  fluids  which  exert  no  chemical  action 
on  the  body  dissolved,  as  when  sugar  is  dissolved  in  water,  or 
eamphor  in  spirits  of  wine ;  or  by  fluids  which  do  exert  a 
chemical  action  on  the  substance,  as  when  chalk  is  dissolved  in 
nuMor,  or  iron  in  dilute  sulphuric  acid.  Whenever  it  is  prac* 
ticable,  the  substance  under  examination  is  dissolved  in  water ; 
bat,  if  that  menstruum  should  fail,  recourse  is  had  to  other 
fluids,  the  selection  of  which  requires  care  and  judgment. 

5.  A  compound  may  be  made  up  of  constituents,  some  of 
which  are  soluble  in  water,  and  some  insoluble.  In  order  to 
ascertain  this  point,  a  small  quantity  of  the  substance,  brought 
into  a  fine  state  of  division  by  pulverization,  is  introduced  into 
a  test  tube  covered  with  distilled  water  and  submitted  to  heat ; 
the  liquid  is  filtered,  while  hot,  into  a  small  platinum  or  porce- 
lain capsule,  and  evaporated  carefully  and  slowly;  if  a  residue 
remain,  it  of  course  indicates  that  a  substance  soluble  in  water 
existed  in  the  compound.  Should  there  be  reason  to  suspect 
the  presence  of  a  volatile  body  soluble  in  water,  heat  should 
not  be  applied  in  the  first  instance,  but  the  substance  under  ex« 
smination  repeatedly  agitated  with  cold  distilled  water,  and  the 
dear  solution  allowed  to  evaporate  spontaneously.  Bodies,  how- 
ever, capable  of  assuming  the  gaseous  state  by  the  heat  of  boil- 
ing water,  may  in  most  cases  be  recognized  by  their  odour,  or  by 
the  application  of  certain  tests  which  will  hereafter  be  described. 

6.  Alcohol,  ether,  pyrox^lic  spirit,  and  certain  oils,  are 
occasionally  successfully  employed  to  dissolve  substances  on 
which  water  has  no  action ;  sometimes  also  a  mixture  of  alcohol 
and  water  is  found  very  useful.  For  example,  if  the  object  be 
to  separate  sulphate  of  lime  (gypsum)  from  chloride  of  sodium 
(common  salt),  this  cannot  be  effected  by  water  alone,  sulphate 
of  lime  being  partially  soluble  in  that  fluid ;  but  by  employing 
a  mixture  of  one  part  of  alcohol  and  two  or  three  parts  of 
water  the  two  substances  are  easily  separated,  sulphate  of  lime 
being  insoluble  in  diluted  spirit.  Acids,  again,  sometimes  act 
as  mere  solvents,  and  may  be  conveniently  employed  as  such ; 
thus  oxalate  of  lime  dissolves  in  hydrochloric  acid  without  de- 
composition, as  does  also  phosphate  of  lime,  and  both  of  these 
salts  may  be  obtained  again  from  their  acid  solution,  unaltered 
by  supersaturation  with  ammonia. 

7.  The  apparatus  required  for  the  purpose  of  solution  is  in 
general  very  simple.  For  qualitative  experiments  there  is 
nothing  80  convenient  as  the  Test  Tube.     It  should  be  made 
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of  bard  German  glass,  and  the  bottom  blown  round  and 
tolerably  thin.  The  student  should  possess  a  good  stock  of 
them :  they  should  be  of  various  sizes,  from  three  to  six  inches 
long,  and  of  such  a  diameter  that  they  may  readily  be  closed 
with  the  thumb,  for  the  purpose  of  agitation.  They  should  be 
kept  ready  for  use  in  a  rack,  to  which  it  is  advisable  that  there 
should  be  attached  a  series  of  pegs  on  which  the  tubes  may  be 
inverted,  to  drain  after  being  washed.  If  the  tube-rack  stand 
be  provided  with  a  couple  of  drawers,  they  will  be  found  to  add 
to  its  convenience  :  they  serve  to  hold  the  blowpipe,  platinum 
foil  and  wire,  charcoal  supports,  fluxes,  etc.  etc.  A  spring- 
holder  is  a  useful  accompaniment  to  the  test-tube  apparatus ; 
it  serves  to  grasp  the  tube  while  its  contents  are  under  the 
influence  of  heat.  When  larger  quantities  of  liquid  have  to 
be  operated  upon,  flasks  of  various  sizes  may  be  substituted 
for  test  tubes.  They  should  be  of  thin  glass,  with  flattened 
bottoms  and  bordered  mouths,  ground  smooth  for  the  reception 
of  corks,  and  to  admit  of  being  closed  air-tight  by  ground- 
glass  plates.  The  common  Florence-oil  flask  is  a  useful 
chemical  vessel ;  the  edge  of  the  mouth  should  be  rounded  in 
the  blowpipe  flame,  whereby  it  is  rendered  less  likely  to  crack 
by  the  insertion  of  a  cork.  It  is,  generally  speaking,  of  very 
uniform  thickness  throughout,  and  will  bear  the  direct  applica- 
tion of  heat  without  cracking.  As  a  general  rule,  however, 
the  naked  flame  of  the  oil,  gas,  or  spirit  lamp  should  not  be 
allowed  to  come  into  actual  contact  with  the  bottoms  of  large 
glass  vessels,  but  the  heat  communicated  through  the  medium  of 
sand ;  for  this  purpose  a  set  of  thin  shallow  iron  dishes  should 
be  provided,  from  three  to  six  inches  in  diameter,  which  should 
be  about  half  filled  with  flue  siliceous  sand.  They  may  be 
supported  on  the  rings  of  a  retort  stand,  and  they  then  form 
very  convenient  media  for  conveying  heat  to  flasks,  beakers, 
etc.  To  support  Florence  flasks,  and  other  round-bottomed 
vessels,  rings  of  thin  sheet-iron  or  copper,  covered  with  list, 
will  be  found  very  serviceable:  they  should  be  of  difierent 
diameters  and  heights ;  they  are  likewise  of  great  use  for  sup- 
porting evaporating-basins,  and  the  laboratory  should,  therefore^ 
oe  plentifully  supplied  with  them. 

PEECIPITATION. 

8.  The  term  precipitation  does  not  necessarily  imply  the 
subsidence  of  a  solid  substance  to  the  bottom  of  a  vessel,  inaa- 
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much  as  the  bodj  rendered  insoluble  may  either  float  on  the 
SQi&oe  of  the  liquid,  or  remain  suspended  in  it.  When  the 
c&emist  speaks  of  a  body  being  precipitated,  he  means  that  it 
1^  by  t)ie  action  of  certain  agents,  passed  from  a  soluble  to 
an  insoluble  state.  The  body  separated  is  called  the  precipitate^ 
and  tho  substance  occasioning  the  separation  is  called  the  pre- 
cipiiant.  The  yessels  employed  for  effecting  precipitations 
may  be  the  same  as  those  already  described  for  solutions,  to 
which  may  be  added  the  beaker,  a  thin-bottomed  tumbler, 
which  may  be  procured  at  any  chemical  glass  warehouse,  of 
all  sizes,  generally  in  nests  of  eight  or  ten  from  half  a  gill  to 
a  pint  and  upwards.  For  small  quantities  the  test  tube  is 
always  employed ;  when  the  quantity  is  large,  the  beaker  is,  on 
the  whole,  the  most  convenient,  from  the  admirable  manner  in 
which  it  bears  sudden  elevations  of  temperature.  Precipitates 
make  their  appearance  in  very  different  forms,  and  under  very 
different  circumstances.  The  student  must,  therefore,  be 
cszefol  not  to  draw  too  hasty  conclusions  with  regard  to  the 
action  which  bodies  exert  on  each  other ;  and  if,  on  bringing 
two  substances  into  contact,  he  observe  no  immediate  effect, 
he  must  not,  on  that  account,  conclude  that  no  action  has  taken 
or  will  take  place.  A  few  examples  will  serve  to  illustrate 
this.  1st.  The  precipitate  may  not  make  its  appearance  until 
after  the  lapse  of  a  considerable  time.  Thus,  m  testing  for 
magnesia,  by  means  of  phosphate  of  soda  and  ammonia,  if  the 
earth  exist  in  the  solution  only  in  very  minute  quantity,  no 
precipitate  will  perhaps  make  its  appearance  for  several  hours ; 
oays  may  even  elapse  ere  the  mmute  stellar  crystals  of  the 
double  phosphate  of  magnesia  and  ammonia  can  be  distinctly 
recognized.  2nd.  Decomposition  may  have  taken  place,  and 
yet^  from  the  solubility  of  the  educt  in  the  fluid  menstruum, 
no  precipitate  makes  its  appearance.  Thus,  on  adding  oxalic 
acid  to  a  solution  of  lime  in  hydrochloric  acid  containing  free 
acid,  no  precipitate  appears,  oxalate  of  lime  being  soluble  in 
hydrochloric  acid;  but,  on  neutralizing  the  liquid  by  ammonia, 
oxalate  of  lime  is  immediately  precipitated.  Again,  on  adding 
to  an  aqueous  solution  of  malate  of  soda  a  few  drops  of  chloride 
rf  calcium f  the  fluid  still  remains  clear,  malate  of  lime  being 
soluble  in  water,  but  on  the  addition  of  alcohol  it  instantly 
separates  as  a  white  powder.  Srd.  Occasionally  (though  this 
is  rare)  the  precipitate  makes  its  appearance  only  on  the  appli- 
cation of  heat,  the  newly-formed  compound  being  more  soluble 
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in  cold  than  in  hot  water.     Thus,  on  adding  lime  water  to  a 
cold  solution  of  cilrie  aeidf  or  a  citrate,  no  precipitate  takes 
place  till  the  solution  is  heated,  when  basic  citrate  of  lime 
appears  as  a  white  powder,  which  redissolres  as  the  solution 
cools :  again,  on  adding  a  cold  dilute  solution  of  caustic  potassa 
to  newly  precipitated  tartrate  of  lime,  a  clear  solution  is  ob- 
tained, but  on  heating,  a  gelatinous  precipitate  separates,  which 
is  again  dissolved  as  the  solution  cools.    4th.  The  precipitated 
substance  is  frequently  redissolred  by  an  excess  of  the  precipi- 
tant :  thus,  hydrated  oxide  of  chromium,  hydrated  oxide  of  stine, 
and  alumina,  are  each  thrown  down  from  solutions  of  their 
salts  by  potaesa,  but  the  precipitates  are  all  completely  and  in- 
stantly redissolved  by  the  addition  of  an  excess  of  the  alkali : 
again,  on  pouring  iodide  of  potassium  into  a  solution  of  chloride 
of  mercury,  a  beautiful  scarlet  precipitate  immediately  ensues ; 
but,  if  excess  of  the  iodide  be  added,  the  precipitate  is  dissolved, 
and  a  clear  and  colourless  solution  obtained. 

9.  The  forms  in  which  precipitates  make  their  appearance 
have  been  distinguished  by  various  names,  such  as  crystalline, 
examples  of  which  are  furnished  by  the  acetate  of  silver,  a  salt 
formed  on  adding  solution  of  a  neutral  acetate  to  solution  of 
nitrate  of  silver ;  by  the  double  chloride  of  platinum  andpotaS" 
stum,  and  by  the  bitartrate  of  potassa ;  pulverulent,  as  the 
oxalate  and  sulphate  of  lime ;  flocculent,  as  alumina  ;  curdy,  aa 
chloride  of  silver ;  gelatinous,  as  when  oxide  of  zinc  is  precipi- 
tated from  its  solution  by  potassa  or  ammonia,  or  as  when 
chloride  of  calcium  is  added  to  an  aqueous  solution  of  hydrO' 
fluoric  acid,  or  of  the  soluble  fluorides,  in  which  case  the  pre* 
cipitate  is  so  transparent  that  it  may  easily  be  supposed  that 
no  change  whatever  nas  occurred.   Sometimes,  again,  a  reaction 
is  evinced  by  the  mere  turbidity  of  the  liquid,  as  when  nitrate 
of  silver  is  added  to  a  solution  containing  minute  traces  of 
chlorine,  or  when  a  solution  of  a  protosalt  of  tin  is  diluted  with 
water,  in  which  case  the  neutral  salt  is  decomposed  into  a 
soluble  acid  and  an  insoluble  basic  salt ;  or  as  when  solution  of 
protochloride  of  tin  is  added  to  a  very  dilute  solution  of  yold^ 
when  a  purple-red  tint  is  produced  without  the  formation  of 
any  precipitate.     The  subsidence  of  a  precipitate  is  frequently 
greatly  facilitated  by  agitation.     In  cases  where  an  elastic 
substance  is  evolved  by  agitation,  or  where  there  is  excess  of 
ammonia  present,  the  flask  employed  should  not  be  too  thin, 
or  it  will  oe  liable  to  burst  from  the  pressure  of  the  vapour: 
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tbe  addition  of  acids  and  salts  also  occasionallj  greatly  facilitates 
precipitation ;  chloride  of  silver  and  sulphate  of  harytOy  for 
example,  separate  much  more  readily  by  the  addition  of  nitrie 
aeid;  and  oxide  of  tiny  formed  by  the  action  of  nitric  acid  on 
the  metal,  has  its  precipitation  hastened  by  the  addition  of 
eommon  edit.  Oxide  of  iron  again  is  sometimes  eliminated  in 
so  finely  comminuted  a  form  that  it  remains  suspended  in  the 
liquid  for  days ;  an  addition  of  a  known  quantity  of  nitrate  of 
leady  and  a  corresponding  quantity  of  avlphurie  acid,  may  often 
be  Tery  advantageously  made  to  the  turbid  liquid ;  a  known 
quantity  of  stdphate  of  lead  is  thereby  introduced,  which  in 
its  precipitation  seldom  fails  to  carry  with  it  the  whole  of  the 
suspended  oxide  of  iron;  lastly,  JPrussian  blue  precipitates 
from  a  solution  containing  free  hydrochloric  acid  much  more 
readily  and  completely  than  from  a  neutral  liquid.  In  qualita- 
tiye  testing,  where  the  object  is  generally  merely  to  ascertain 
the  colour  and  general  chemical  characters  of  a  precipitate,  a 
few  drops  of  the  precipitant  usually  suffice,  and  tne  operation 
mar  almost  always  be  performed  in  a  test  tube :  but  in  (|uanti- 
titire  experiments,  wnere  every  particle  of -the  precipitate 
must  be  obtained,  the  precipitant  is  added  drop  by  drop  until 
no  further  effect  is  proauced,  and  the  operation  is  most  con- 
veniently conductea  in  a  beaker. 

FILTRATION,   DECANTATION,   AND  WASHING. 

10.  The  separation  of  a  precipitate  from  the  fluid  in  which 
it  has  been  produced  may  be  effected  either  by  filtration  or 
decantation.  For  the  former  purpose  white  unsized  paper  is 
used,  the  perfect  purity  of  which  in  qualitative  operations  is 
not  very  often  a  matter  of  consequence:  it  should  be  suf- 
ficiently strong  to  bear  the  weight  of  a  considerable  quantity 
of  fluid,  and  yet  so  porous  as  to  admit  the  free  and  ready 
passage  of  liquids.  There  is  no  difficulty  in  procuring  paper 
of  this  kind,  though  it  is  not  easy  to  obtain  unobjectionaole 
paper  for  quantitative  operations ;  for,  as  it  frequently  happens 
that  the  filter  has  to  be  ignited  with  the  precipitate,  it  is  of 
course  necessanr  to  take  into  account  the  quantity  and  quality 
of  the  ashes  left  b^  the  paper.  An  excellent  article  is  some** 
times  to  be  met  with  unaer  the  name  of  Swedish  paper,  a  filter 
four  inches  in  diameter  of  which  does  not  leave  more  than  a 
hundredth  of  a  grain  of  ash.  It  is  difficult,  however,  to  pro- 
cure it  genuine,  and  it  is  therefore  advisable  to  free  paper 
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intendecl  for  minute  and  delicate  experiments  bb  much  as 

posBibte  from  inorganic  matter  by  treating  it  with  hydrochloric 

acid,  and  aubsequentlj  washing  with  distilled  water,  so  as  to 

leraOTo  every  trace  of  the  acid ;  after  drying,  it  may  be  con- 

ddered  fit  for  use.     The  inoi^nic  impurities  in  filtering  paper 

are  iron,  lime,  and  sometimes  magnesia.    The  paper  is  cut  into 

a  circular  form  of  the  ret^uired  size  and  folded  twice  in  opposite 

directions,  so  as  to  bring  the  four  quadrants  together ;  one 

quadrant  is  then  opened  from  the  other  three  so  as  to  produce 

ft  conical  cavity,  as  shown  in  Fig.  1. 

^  "     ■     „       The  paper  thua  prepared  is  placed 

Wl^9^^<:z-s-.,-J::i^^^-'    i'lS'de  a  glass  funnel ;  care  should  be 

^^^-*_      "^^ISP      taken  that  it  does  not  extend  bfr 

yond,  or  even  quite  reach,  the  edge 

of  the  funnel.    Previous  to  pouring 

the  iluid  to  be  filtered  on  the  paper, 

the  latter  should  be  moisteDed  with 

distilled  water,  which  quickens  the 

process  and  diminishes  the  chance  of 

sblid   matter  passing  through  the 

In  qualitative  experiments  where  it  is 

_ ,.      .    he  operation  as  much  as  possible,  and  in 

cases  where  a  large  quanti^  of  a  bulky  precipitate  has  to  be 
separated,  the  filtrate  being  the  valuable  part, — as  for  example, 
in  the  separation  of  the  alkaline  eartht  by  baryta  water  in  the 
process  for  estimating  alkalies, — the  filter  may  be  plaited  so  as 
to  prevent  its  close  adhesion  to  the  glass.  Bibbed  funnels  are 
sometimes  employed  for  the  same  purpose,  hut  they  do  not 
answer  the  purpose  nearly  so  well  as 
plaited  paper.  It  is  difficult  to  de- 
scribe the  method  of  making  these 
plaited  filters :  an  inspection  of  Frg. 
2,  which  shows  the  appearance  the 
paper  should  present,  will  probably, 
however,  convey  all  the  requisite 
informatiou.      In   cases   where   the 

{irecipitate  has  to  be  carefully  col- 
Bcted,  plain  filters  should  invariably 
be  used,  as  it  is  difGcult  to  remove 
the  solid  matter  efiectuallr,  from  the 
external  and  reentering  angles  of  the  plaited  paper.  The  funnel, 
during  the  operation  of  mtering,  is  placed  on  the  ring  of  the 


Kg.  1- 

Sores  of  the  paper. 
esirable  to  expedite 
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letort  stand,  or  in  one  of  the  holes  of  a  filtering-Btand,  aad 
(bedoid,  if  in  a  beaker,  is  carefully  poured  down  a  elaaa  rod 
in  ike  manner  ahovn  in  Fig.  S.  The  edge  of  the  beaker  ia 
greased,  bj  which  the  adhesion  of  particles  of  the  liquid- la 
pravented,  and  all  loss  from  trickling  dovn  the  outside  of  the 
^asa  obviated.  The  clear  fluid  aa  it  drops  from  the  funnel 
^uld  not  be  allowed  to  fall  directly  into  the  receiving  veeael, 
but  caused  to  impinge  on  its  side,  as  shown  in  the  figure ; 
bj  attending  to  tbis,  we  avoid  all  chance  of  loss  br  the 
Bpluhing  of  the  liquid.  These  tninutiia  of  course  principally 
■ppjy  to  qoantitatlTe  experimeDts.  Theprecipitate,  being  col- 
lected on  the  filter,  haa  to  be  washed.  This  operation  is  best 
peribrmed  by  means  of  the  wash  bottle  seen  in  fig.  8,  the 


Fig.  8. 

method  of  using  which  useful  piece  of  apparatus  is  sutBciently 
obvious ;  it  is  filled  with  distilled  water,  and  on  forcing  a 
ttteam  of  air  from  the  lips  through  the  short  tube,  a  jet  of 
Wter  ie  propelled  from  the  bent  tube  by  the  pressure  of  the 
ur,  and  may  oe  directed  either  in  drops  or  in  a  pretty  power- 
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ful  stream  wherever  it  is  required.  It  is  useful  to  have  four  of 
these  bottles  at  baud :  one  stout  one,  for  cold  water  for  general 
purposes ;  one  made  from  a  tbin  flat-bottomed  flask,  for  hot 
water ;  and  two  smaller  ones,  for  alcohol  and  ether.  The  wash- 
ing of  the  precipitate  is  to  be  continued  until  a  few  drops  of 
the  filtrate  leave  no  residue  when  evaporated  to  dryness  on  a 
atrip  of  platinum  foil ;  occasionally,  however,  this  indication 
would  be  fallacious  in  consequence  of  the  partial  solubility  of 
the  precipit/ate  in  water ;  in  these  coses,  special  testing  of  the 
filtrate  must  from  time  to  time  be  had  recourse  to.  In  washing 
a  precipitate  on  a  filter,  the  solid  matter  should  be  washed  from 
the  sides  of  the  paper  and  collected,  as  much  as  possible,  in  a 
thick  stratum  at  the  apex  of  the  cone ;  the  water  will  not  in 
this  case  pass  through  so  quickly,  but  under  more  favourable 
circumstances  for  exerting  its  solvent  power  on  the  substances 
to  be  removed.  During  the  operation  of  filtering,  the  funnel 
should  be  covered  with  a  glass  plate,  to  protect  its  contents 
from  the  dust  and  dirt  of  the  laboratory.  When  the  precipi- 
tate subsides  rapidly  and  collects  into  a  small  space  at  tne 
bottom  of  the  vessel,  the  supernatant  fluid  may  frequently  be 
advantageously  removed  by  a  siphon,  which  may  be  made  from 
a  piece  of  glass  tube  about  2  feet  long  and  0*8  of  an  inch  in- 
ternal diameter.  The  extremities  should  be  somewhat  con- 
tracted. When  this  instrument  is  about  to  be  used,  it  is  filled 
with  water  from  the  wash  bottle,  and,  keeping  the  longer  leg 
closed  by  a  finger,  the  shorter  leg  is  introduced  into  the  fluid, 
taking  care  not  to  disturb  the  precipitate,  and  then,  on  remov- 
ing the  finger,  the  fluid  is  permitted  to  run  out  into  a  vessel 
placed  to  receive  it.  With  care,  and  by  gradually  inclining  the 
vessel,  nearly  the  whole  of  the  clear  fluid  may  be  removed  from 
a  precipitate,  the  washing  of  which  may  either  be  continued 
by  decantation,  or,  which  in  most  cases  is  preferable,  it  may 
be  thrown  on  a  filter  and  washed  as  usual.  In  cases  where 
small  quantities  of  fluid  have  to  be  removed  from  a  precipitate, 
the  pipette  is  frequently  found  very  serviceable.  This  is  a 
narrow  glass  tube,  with  a  bulb  about  an  inch  in  diameter  blown 
in  it,  and  drawn  out  below  to  a  moderately  fine  aperture.  To 
use  it,  the  aperture  is  immersed  in  the  liquid,  and  the  mouth 
being  applied  to  the  other  end  the  liquid  is  raised  by  withdraw- 
ing the  air ;  the  finger  being  then  placed  on  the  upper  end  of 
the  tube  so  as  to  dose  it,  the  instrument  may  be  removed,  and 
its  contents  transferred  to  another  vesseL    When  the  object  is 
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to  remove  finely  divided  matter  from  concentrated  acids,  filters 
of  powdered  glass  are  employed ;  coarse  fragments  of  glass  are 
&st  put  into  the  neck  of  the  funnel,  these  are  successiTely 
eorered  with  other  portions  more  and  more  comminuted,  the 
top  being  finished  by  a  layer  of  small  fragments ;  on  this  the 
acid  is  poured,  and,  on  passing  through,  it  becomes  clear.  It 
is  sometimes  of  importance  to  prevent  the  access  of  air  as 
much  as  possible  during  the  filtration  of  certain  liquids,  as, 
for  instance,  in  the  separation  of  causfie  soda  or  potash  from 
earhofuUe  of  lime.  An  apparatus  for  this  purpose  has  been 
described  b^  Mr.  Donovan :  it  consists  of  a  vessel  somewhat 
resembling  id  shape  an  hour-glass  provided  with  a  tube  of  com- 
munication between  each  bulb,';  in  the  narrow  part  of  this  vessel 
a  small  pellet  of  cotton  or  asbestos  is  somewhat  loosely 
placed,  the  liquid  being  introduced  through  the  neck  of  the 
upper  vessel,  which  is  closed  by  a  stopper ;  now,  for  every  drop 
of  liquid  that  passes  through  the  filter  into  the  lower  vessel, 
it  is  obvious  that  an  equal  volume  of  air  must  find  its  way 
through  the  tube  of  communication  with  the  upper  vessel. 
The  filtration  of  the  liquid  thus  proceeds  in  an  uninterrupted 
jnanner  without  any  communication  with  the  external  air. 

11.  The  precipitate,  being  collected  on  the  filter  and  well 
washed,  has  in  quantitative  experiments  to  be  dried  and 
weighed;  its  further  treatment  for  this  purpose  depends  on 
whether  or  not  it  may  be  ignited.  If  its  nature  be  such  that 
it  will  not  bear  a  high  temperature  without  decomposition, 
which  is  the  case  with  all  organic  substances,  the  filter  must 
have  been  previously  dried  at  the  same  temperature  to  which 
it  is  subsequently  to  be  submitted  with  the  precipitate,  and 
in  that  state  carefully  weighed.  As  filtering-paper  is  a  very 
hygroscopic  substance,  the  filter  must  be  weighed  in  a  closed 
vessel  (a  platinum  crucible,  with  an  accurately  fitting  cover, 
may  be  used  for  the  purpose) ;  it  must  be  introduced  while 
hot,  and  it  is  advisable  to  allow  the  whole  to  cool  over  a 
vessel  of  sulphuric  acid  underneath  a  bell  jar.  The  weight  of 
the  filter  and  crucible  being  noted,  the  precipitate  is  collected, 
and,  the  rinsing-water  having  been  allowed  to  run  off  as 
much  as  possible,  it  is  removed  from  the  funnel,  and  placed 
upon  two  or  three  folds  of  bibulous  paper,  or,  which  is  better^ 
on  a  warm  tile  or  brick,  by  which  a  great  deal  of  the  adher- 
ing water  is  removed ;  it  is  subsequently  dried  in  the  crucible 
imtil  it  ceases  to  lose  weight,  and  by  simply  subtracting  the 
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weight  of  the  filter  and  crucible  from  that  of  the  filter,  crucible, 
and  precipitate,  we  have  the  exact  weight  of  the  latter. 

12.  When  the  precipitate  rnaj  be  ignited,  it  is  not  neces- 
sary to  determine  the  weight  of  the  filter,  but  the  weight  of 
the  ash  which  a  filter  of  an  equal  isize  leaves  on  ignition  must 
have  been  ascertained  by  a  previous  experiment.  The  pre- 
cipitate is  allowed  to  get  as  ary  as  possible  in  the  funnel,  for 
which  purpose  it  is  well  covered  with  a  piece  of  bibulous 
paper,  and  placed  for  some  hours  in  a  warm  situation;  the 
contents  of  the  filter  are  then  transferred  as  completely  as 
possible  into  the  crucible  in  which  it  is  to  be  ignited,  and  the 
filter  itself  burned,  either  by  doubling  it  up,  and,  having 
applied  a  light  to  it,  allowing  it  gradually  to  consume,  holding 
it  oy  a  forceps  over  the  crucible  placed  on  a  glazed  sheet  of 
paper ;  or,  in  the  manner  recommended  by  Fresenius,  by  cut- 
ting it  in  small  pieces  and  incinerating  it  on  the  cover  of  the 
crucible,  heated  to  redness  over  a  gas  or  spirit  lamp.  The  heat 
must  be  continued  till  every  trace  of  blackness  is  removed 
firom  the  ash,  and  this,  in  some  cases,  as  for  instance  when  the 
subject  of  the  experiment  is  the  phosphate  of  magnena  and 
ammonia^  takes  a  considerable  time.  Care  must  be  taken  to 
conduct  the  operation  of  burning  the  filter  in  a  spot  entirely 
protected  from  draught.  The  ash  of  the  filter  is  mixed  with 
the  precipitate  in  the  crucible,  and  the  whole  is  exposed  to  a 
heat  gradually  increasing  until  it  gets  red-hot;  it  is  then 
covered,  allowed  to  cool,  and  weighed:  from  the  gross  weight, 
that  of  the  crucible  and  filter  ash  have  to  be  deducted  to  arrive 
at  the  weight  of  the  precipitate  itself.  The  operator  must  be 
careful  not  to  heat  the  crucible  too  strongly  at  first,  for,  if  the  pre- 
cipitate should  not  be  perfectly  dry,  particles  are  apt  to  fly  out. 

SOTTBOES  OF  HEAT. 

18.  Where  gas  can  be  obtained,  there  is  nothing  so  con- 
venient or  BO  cheap.  When  coal  gas  is  allowed  to  mix  with  a 
sufficient  quantity  of  atmospheric  air  to  effect  a  complete  com- 
bustion of  its  carbon,  it  bums  with  a  flame  which,  though 
having  but  little  luminosity,  possesses  great  heat,  and  throws 
off  no  solid  charcoal  on  cold  bodies  held  over  it.  It  is  thus 
admirably  adapted  for  the  ignition  of  crucibles.  Fig.  4  shows 
one  of  the  simplest  arrangement  of  the  coal-gas  jet  for  this 
purpose.  The  mixture  of  gas  and  air  takes  place  in  the  copper 
cylinder,  and  it  is  inflamed  above  the  wire-gauze,  fastened  over 
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the  top.    The  crucible  to  be  heated  ia  sapported  on  a  triangle 
of  platinum  wires  laid  across  the  ring  of  a  retort  stand. 

14.  The  author  has  Mr,  Qriffin^s  permission  to  avail  himself 
of  the  following  descriptions  and  wiwings  of  a  simple  form 
of  gaB-bumer,  which,  aided  by 
suitable  fittings,  can  be  used  as 
a  oonyenient  source  of  heat  for 
most  operations  of  the  chemical 
laboratorj  and  lecture  table.* 
It  will  boil  a  quantity  of  liquid 
exceeding  two  gallons  at  once ; 
it  will  raise  a  4^  inch  fire-clay^ 
crucible  to  full  redness ;  it  will 
fuse  anhydrous  carbonate  of 
soda  in  greater  quantity  than 
is  required  for  the  analvsis  of  a 
liliceoua  mineral;  and  it  will 
melt  small  quantities  of  sterling 
alTer.  This  amount  of  power 
18  sufficient  for  most  chemical 
operationa  that  are  not  metal- 
Im^c. 

The  Gas  Burner,— -l^g.  5  re- 
presents the  gas-burner  of  this 
apparatus.    The  gas  is  supplied  by  the  horizontal  tube,  whence 
it  passes  through  a  set  of  small  holes  into  the  box  0,  in  which 
it  mixes  with  atmospheric  air  that  enters  freely  by  the  holes 
shown  in  the  sketch.     The  gaseous  mix- 
ture passes  up  the  vertical  tube  h,  and  is 
inflamed  at  the  top,  where  it  bums  with  a 
single,    tall,  blue  flame,  which   gives  no 
smoke,  very  little  light,  but  much  heat.   In 
this  condition,  the  apparatus  difiEers  from 
"  Bunsen's  gas-burner  '*  only  in  size,     c  re- 
presents a  thin  brass  cap,  which  fits  the  air- 
box  a,  but  moves  easily  round  it.    <^  is  a 
flat,  cast-iron  box,  with  many  holes  round 
the  margin,  and  a  few  small  ones  on  the 
top.     This  box  fits  loosely  on  the  upper  ^^*  ^* 

pttft  of  the  tube  5,  and  when  it  is  placed  upon  it,  and  the  gas 


Fig.  4. 


*  First  deeoiibed  in  the  *  Chemical  News '  of  Not.  2nd,  1861. 
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Fig.  6. 


is  lighted,  the  flame  produced  consists  of  a  series  of  radiating 
jets,  forming  a  horizontal  circular  flame  of  about  seven  inches  in 
diameter.      Fig.  6  a  shows  a  ring  of  horisontal  flames  thus 

produced,  and  h  shows  the 
single  vertical  flame.*  The  ring 
of  flame  is  suited  to  the  pur* 
poses  of  boiling  and  evapora- 
tion ;  the  single  flame  to  igni- 
tion and  fusion.  The  height  of 
the  apparatus  represented  bj 
Fig.  5  is  12  inches ;  the  bore  of 
the  tube  6  is  1  inch ;  and  the 
diameter  of  the  fire*box  <^  is  4 
inches. 

Bunsen's  gas-burner,  what* 
ever  its  size,  is  subject  to  two 
defects:  sometimes  the  flame 
burns  white  and  smoky,  and 
sometimes  it  blows  down,  the 
gaseous  mixture  explodes,  and 
the  gas  then  bums  with  a  smoky  flame  in  the  air-box  a,  Fig.  5. 
The  remedies  for  these  defects  are  as  follows : — If  the  flame  is 
white  only  when  the  gas  is  turned  on  very  full,  the  remedy  is 
to  lessen  the  supply  of  gas ;  but  if  the  flame  continues  to 
burn  white  at  the  top  when  the  gas  is  gradually  turned  off, 
and  the  mass  of  flame  slowly  sinks,  then  the  holes  which 
deliver  the  gas  from  the  supply  pipe  into  the  air-box  are  too 
large,  and  are  placed  too  directly  under  the  centre  of  the 
vertical  tube  d,  Fig.  5,  and  these  defects  must  be  corrected  in 
the  instrument.  Finally,  when  the  flame  blows  down,  it  is 
because  the  supply  of  atmospheric  air  is  too  large  in  propor- 
tion to  the  supply  of  gas,  and  their  relative  proportions  must  be 
altered.  To  efiect  this  alteration,  the  cap  c  is  to  be  turned 
round  on  the  air-box  a,  so  as  partially  to  close  the  holes,  and 
thus  lessen  the  supply  of  air.  If,  when  the  gas  is  alight,  the 
flAme  needs  to  be  lowered,  first  the  supply  of  air  is  to  be 
lessened,  and  then  the  supply  of  gas.  If  the  flame  is  to  be 
enlarged,  first  the  supply  of  gas  must  be  increased,  and  then 
the  supply  of  air.      in  short,  to  prevent  the  flame  blowing 

*  Fig.  6  h  represents  a  small  yariety  of  this  gas-burner,  in  which  the  head 
is  not  removable,  but  the  efflux  of  the  mixed  gases  is  regulated  by  a  sliding 
valye. 


OPUATIOHS   AND    APPAlATUa.  IB 

don,  tbe  gas  muBt  alfTByi  be  first  placed  ia  exceM,  and  then 
litn  the  proper  qaaatity  of  air  adjusted  to  suit  it  by  meana  of 
tbeiegulator  e, 

Ammgement  for  Soilinfi  and  Evaporation. — Fig.  Trepresenta 
tliia  gaa  furnace  arranged  for  boiling  and  evaporation,  a  ia  the 
gw-bumer.  Fig.  5 ;  i,  an  iron  stool 
vith  tbree  legs ;  e,  &  furnace  body, 
or  iron  jacket,  lined  with  plumbago 
or  fire-clay.  Fig.  8  shoves  the  jacket 
md  lining  in  aection,  and  ranrks  the 
position  of  the  fire-boi,  d,  of  the 
ns-bamer.  This  furnace  is  11  inches 
hig^,  and  9  inches  in  diameter.  The 
tbree  brackets  fixed  od  the  upper 
part  of  the  jacket  serve  to  support 
the  ressel  that  contains  the  liquid 
that  ia  to  be  boiled  or  evaporated.  A 
Mrcelain  basin  of  16  or  18  inches  in 
oiaiBeter  can  be  thus  supported.  It 
ii  important  to  allow  between  the 
Jacket  e  and  tbe  evaporating- basin 

plenty  of  space  for  the  escape  of  tbe  heated  air,  which  ascends 
from  the  interior  of  the  furnace.  When  the  evaporating-basin 
ie  of  small  diameter,  it  may  be  supported  on  iron  triangles, 
placed  in  the  furnace  e.  Fig.  8  shows  that,  arouud  tbe  vertical 
tobe  of  the  gas-burner,  a,  there  is  in  the 
bottom  of  the  furnace,  c,  a  circular  opening, 
which  is  of  2  inches  diameter,  and  torough 
which  air  passes  freely,  partly  to  feed  the 
Same  and  partly  to  be  heated  by  the  flame, 
and  be  directed  upwards  in  a  contimioua 
current  upon  the  lower  surface  of  the  basin 
that  ia  to  be  heated.  The  flame  within  the 
famace  burns  steadily.  No  side  currents 
of  air  agitate  it.  No  part  of  it  touches,  c 
mitted  to  touch,  the  basjn,  which  should  receive  its  beat  solely 
from  the  mass  of  ascending  hot  air.  The  gas-bunier  thus 
arraneed,  and  supplied  by  a  gas-pipe  of  \  inch  bore,  burns  about 
83  cuoic  feet  of  gas  in  an  hour,  and  the  flame  which  it  produces, 
■cting  upon  water  contained  in  an  open  porcelain  evaporating- 
basin,  will  heat  from  60°to212''  Tahr.,!  quart  in  five  minutes; 
1  gallon  in  fifteen  minutes  ;  2  gallons  in  thirty  minutes.     And 


Fig.  7. 
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irben  the  Tater  boUs  it  is  driveo  off  ia  steam  at  the  rate  of 
mora  than  a  eallon  of  water  per  hour.  The  mettod  is  con- 
aeqaently  applicable  to  diatiUatioa  on  a  small  scale,  and  to 
numerous  opemtiona  in  pharmacy. 

Arrmtgement  for  heating  to  SednMi  a  large  ^re-clay 
Crveihle. — When  a  large  crucible  is  to  be  heated  to  redness, — 
as,  for  example,  vhen  oiide  of  copper  is  to  be  dried  for  use 
in  an  orgamc  analysis, — the  gas-burner  ia  to  be  used  without 
the  fire-box,  d.  Fig.  6,  and  is  to 
be  arranged  with  the  furnace 
fittings  that  are  represented 
in  perapective  by  Fig.  9,  and  in 
section  by  the  lower  part  of 
Pig.  12,  a,  h,  c,  d.    Letter  a  re- 

f  resents  the  gas-burner.  Fig.  6  ; 
is  a  taU  iron  stool ;  e,  a  chim- 
ney which  collects  ntmoepheric 
air  to  feed  the  flame,  and  leads 
it  up  close  to  the  vertical  tube 
h,  by  which  contrivance  the  air 
is  warmed  and  the  tube  cooled ; 
d  is  h  furnace-sole  or  plate  of 
fire-clay  ;  /  is  a  reverheratoiy 
dome,  the  interior  of  which  ia 
beet  shown  in  the  section,  Fig. 
10;  «  is  a  cast-iron  ring  or 
trivet,  represented  more  clearly 
iu  Fig.  11 ;  o  is  an  iron  chimney, 
21  inches  long,  and  8^  inches 
wide;  and  A,a  damper,  to  lessen 
the  draught  when  small  cruci- 
bles are  to  be  heated.  The 
height  of  this  apparatus,  from 
a  to  the  top  of  f,  iB  24  inches ; 
and  the  external  diameter  of  the 
dome/ is  about  8  inches.  The 
Fig.  9.  crucible,  which  may  be  from  4( 

to  4f  inches  in  height,  is  placed  on  the  iren  ring  e,  and  that 
on  the  clay  sole  d,  and  it  \a  then  covered  by  the  dome  /.  The 
gas  should  be  lighted  after  the  crucible  is  placed  in  its  position, 
and  before  the  dome  is  put  on.  The  dome  and  chimney  are 
tben  to  be  added,  and  the  operation  allowed  to  proceed.    With 
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■  emeible  of  the  above  sise,  the  damper  A  is  not  required ;  but 
it  miut  be  used  when  the  crucible  is  under  1  inches  in  height, 
otherwise  the  draught  occasioned  bf  extra  space  within  the 
done  caused  the  flame  to  blow  down.  The  damper  must  be 
put  on  the  chimney  before  the  chimney  is  put  on  the  dome. 


Fig.  10. 
Tbe  iron  ring,  Fig.  11,  or  0,  Fig.  10,  Buits  crucibles  of  dif- 
ferent sizes,  according  to  the  side  of  it  which  is  tamed 
npjMrmost. 

The  figures  show  thata  crucible  mounted  in  this  furnace  can 
lose  Teiy  little  heat  by  radiation  or  conduction,  and  hence  it 
is  that  a  small  gas-flame  produces  a  powerful  efiect.  In  half 
an  hour  a  4}-inch  clay  crucible,  filled  and  covered,  can  be 
bested  to  fiill  redness.  The  progress  of  the  ignition  can  be 
easily  examined  by  lifting  up  the  chimney  g  and  the  dome^by 
their  respective  wooden  handles.  But  the  action  of  the  furnace 
en  also  be  judged  of  by  a  peculiar  roaring  noise  which  it 
produces.  If  the  gas  and  air  are  mixed  in  due  proportions, 
tiia  roar  is  regular  and  continuous.  K  there  is  too  much  gas, 
t]ie  roar  is  lessened.  If  too  much  air,  the  roar  is  increased, 
but  is  rendered  irr^nlar  and  intermittent.  The  greater  the 
nnse,  the  greater  the  heat  in  the  furnace ;  but  when  the  roar 
becomes  spasmodic,  the  flame  is  on  the  point  of  blowing  down. 
to  prevent  that  occurrence,  the  proportion  of  aii  must  be 
Vasnied  or  that  of  gas  increased. 

Arrangemmtt  for  heating  Platinum  Cruciblet,  at  in  the 
Ation  of  Sitioatet  with  Carbonate  of  8oJa. — The  follow- 
>Dg  anangement  is  convenient  when  email  crucibles  are 
to  be  strongly   heated. — Anhydrous  carbonate  of  soda  in 
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quantities  exceeding  1000  gnina  ram  be  thai  readily  fiued, 
and  small  quantities  of  sterling  silver  can  be  melted  in  a  clay 
crucible.  It  is  also  available  for  ignitions  or  fusions  in  small 
porcelain  crucibles.  Tig.  12  represents  the  arran^ment  of 
apparatus  as  seen  in  gection.  a  is 
the  gas'bumer ;  b,  the  stool ;  c,  the 
air-chimnej ;  and  d,  the  furnace 
sole,  as  already  explained,  i  is  a 
cylinder  of  fire-clay,  4  inches  high 
and  4^  inches  diameter;  i  is  a 
pluiub^o  or  fire-clay  furnace,  in 
which  is  placed  a  small  cast-iron 
ring,  similar  in  form  to  that  re* 
presented  by  Fig.  11,  and  on  this 
ring  the  platinum  crucible  is  ad- 
justed ;  /  IB  a  fire-clay  or  plumbago 
reverberatory  dome;  and  jr  w  the 
chimney  that  forms  part  of  the 
furnace  represented  by  Fig.  9.  The 
crucible  being  adjusted,  the  gas 
lighted,  and  the  dome  and  chimney 
put  on,  the  lapse  of  twelve  or  fif- 
teen minutes,  according  tothequv 
lity  and  pressure  of  the  gas,  suffices 
for  the  fiiaion  of  1000  grains  of 
carbonate  of  soda  in  a  platinum 
crucible.  • 

It  will  be  noticed  in  Fig.  12 
that  the  crucible  is  placed  very 
high  above  the  orifice  of  the  tube 
i  a,  at  which  the  gas  is  inflamed.  The 
distance  is,  infact,  about  ten  inches, 
the  point  of  maximum  heat  in  the 
flame  being  at  nearly  that  distance 
from  the  burner,  more  or  leea, 
according  to  the  preaaure  and  the  quality  of  the  eas.  The  gas 
which  rises  from  the  burner  a,  though  mixed  with  as  much  air 
as  it  will  bear  without  becoming  explosive  when  lighted,  does 


Fig.  la. 


*  If  this  quantitj  of  liued  carbonate  of  lodA  be  penmtt«d  to  cool  and 
cODiolidate  in  a  pUtinum  crucible,  the  salt  i>  liable  to  expand  and  bunt 
the  oTucible. 
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nol  oontain  sufficient  ox]^gen  to  bum  all  the  carbon  present  in 
it  The  flame  produced  is^  consequently,  quite  superficial.  The 
gueoos  mixture  onlj  bums  on  the  surface  where  it  is  in  con- 
tact with  fresh  atmospheric  air,  and  it  requires  time  to  take 
op  the  requisite  amount  of  oxygen.  The  draught  produced  by 
the  joint  action  of  the  two  chimneys  c  and  a  carries  the  flame 
npidl  J  to  a  great  height  before  the  point  of  complete  combus* 
tion  is  attained. 

When  the  highest  degree  of  heat  is  not  required,  the  re- 
rerberatory  dome  I  may  be  omitted.  It  must  also  be  dispensed 
with  when  the  crucible  that  is  to  be  heated  is  of  comparatively 
large  size,  because  it  is  then  liable  to  lower  the  temperature  of 
the  furnace  by  impeding  the  draught. 

The  efibcts  that  have  been  ascribed  to  the  various  arrange- 
menta  of  this  gas-furnace  can  be  produced  with  gas  supplied 
by  a  pipe  of  a  ^-inch  bore,  and  at  a  moderate  pressure  giving 
from  80  to  40  cubic  feet  per  hour. 

The   principles   of  heating  by  gas,  which  have  led   Mr. 

Griffin  to  the  construction  of  this  furnace,  may  be  summed 

tip  as  follows : — When  a  crucible  or  other  solid  body  is  to  be 

heated,  it  is  to  be  wrapped  in  a  single  flame  at  the  point  of 

maximum  heat,  and  loss  of  heat  by  radiation  and  conduction 

is  to  be  prevented  by  the  interposition   of  non-conducting 

naterials  (plumbago  or  fire-clay) ;  and  when  liquids  are  to  be 

boiled  or  evaporated,  particularly  when  they  are  contained  in 

vessels  of  glass  or  porcelain,  the  flame  is  to  be  broken  up  into 

numerous  horizontal  jets,  and  these  are  to  be  made  to  supply 

a  large  and  regular  current  of  highly-heated  air,  by  which  alone, 

and  not  by  the  direct  application  of  the  flame,  the  vessel  that 

containa  the  liquid  is  to  be  heated.    In  both  cases  provision 

most  be  made  to  secure  a  sufficient  draught  of  air  through  the 

fanaee,  because  every  cubic  foot  of  gas  requires  for  combustion 

10  or  12  feet  of  cubic  air,  and  the  gases  which  have  done  their 

doty  must  be  rapidly  carried  away  from  the  focus  of  heat.    If 

tiie  steam,  the  carbonic  acid  gas,  and  the  free  nitrogen,  wliich 

eoDstitnte  the  used*up  gases,  are  not  promptly  expelled,  fresh 

gaseous  mixture,  in  tne  act  of  producing  additional  heat  by 

eombustion,  cannot  get  near  the  object  that  is  to  be  heated,  and 

the  heat  so  produced  out  of  place  is  wasted. 

15.  Normandy's  Gas  Blovopipe  Fu^mace,* — This  is  shown  in 

*  Nonnandy't  Chemical  Atlas,  p.  viii. 

C  2 


M.^. 
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Fig.  18.  It  consiBta  of  a  wire-gaoEe  cjlioder  partly  cued  in  eheet- 
iron,  in  commumcation  at  the  lower  part  with  the  atmoepheric 
air,  closed  at  the  upper  part  hj  a  diaphragm  of  wire  gaiue 
of  about  700  openings  to  the  equare  inch,  and  provided  with  a 
short,  slightly  conical  coTer,  penorated  in  the  centre.    A  blow- 


Fig.  13. 
pipe  jet,  placed  outside  the  cylinder,  traTeraes  the  diaphragm, 
and  opens  on  a  level  with  the  aperture  of  the  cover  ;  a  blast  of 
air  n  sent  into  the  centre  of  the  flame  by  means  of  a  flexible 
tube  of  vulcanized  caoutchouc  from  a  beUowa,  u  shown  in  the 
figure,  a  flame  is  thus  produced  of  very  great  intensity,  and 
well  adapted  to  most  of  the  requirements  of  the  laboratory. 
16.  Where  a  supply  of  gas  cannot  be  obtained,  the  chemist 
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But  bare  recoune  to  Bpirit-lampB  or  fomacei  for  the  ieni* 
tioB  of  hu  omcibloB.  A  ueeful  form  of  Beneliiu's  epirit- 
liDj)  it  thowa  in  Fig.  14 ;  the  reeerroir  eontainiog  the  spirit 


Kg.  14. 
bnng  at  a  diatance  from  the  burner,  it  escapea  being  heated 
during  long  operationa.     Fig,  15  represents  a  lamp  of  Itussifta 


■  itrong  double  brass 
eflinder  or  box ;  the  dot- 
ted lines  in  the  figure 
iboT  the  amuigement  of 
Uw  interior;  a  piece  of 
tabe  terminating  in  a  jet 
pwes  from  the  exterior 
to  the  interior  chamber, 
rinng  nearly  to  the  top 
ft  tM  former ;  the  fuel 
(^>irit)  is  supplied 
Anogl)  the  aperture,  b, 
^uch  should  be  closed 
vith  a  good  cork,  and  Slg.  i$. 

imer  wiu  a  briBa  cap,  with  which  the  instrument  is  sometimes 
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Bold.  To  give  the  lamp  its  maximum  charge,  the  spirit  should  be 
poured  in  until  it  begins  to  flow  out  from  the  jet ;  a  sufficient 
quantity  should  then  be  poured  into  the  inner  chamber,  to  reach 
within  half  an  inch  of  the  apex  of  the  jet.    The  principle  of 
the  lamp  will  now  become  obvious.     On  inflaming  tne  spirit  in 
the  inner  chamber,  that  in  the  outer  chamber  gets  heated  and 
soon  boils ;  the  pressure  of  the  vapour  forces  the  boiling  spirit 
through  the  jet  in  a  powerful  stream,  which  of  course  becomes 
immediately  i^ited,  and  thus  acts  as  a  powerful  blowpipe; 
and  so  great  is  the  heat  produced,  that  a  platinum  crucible, 
placed  in  the  position  shown  in  the  figure,  speedily  becomes 
Ignited  to  whiteness.     A  platinum  triangle  must  be  used  to 
support  the  crucible,  as  an  iron  one  would  speedily  become 
destroyed.     A  lamp  on  this  construction,  about  8^  inches  in 
height,  and  3j-  inches  in  diameter,  will  burn  with  a  charge  of 
4  oz.  of  spirit  for  thirty  minutes,  which  is  long  enough  for  all 
ordinary  fluxions  with  carbonate  of  soda ;  it  fre<menu]|r,  there- 
fore, saves  the  necessity  of  lighting  a  furnace.      In  using  this 
lamp  certain  precautions  must  be  used  before  giving  it  a  cnarge 
of  mel.    The  operator  must  assure  himself  that  the  jet  or  pipe 
is  not  choked  up  by  blowing  through  it ;  the  cork  at  b  should 
not  be  put  in  too  tight,  in  order  that  it  may  be  the  part  of 
least  resistance  should  a  stoppage  occur  during  an  operation ; 
and  lastly,  the  cork  should  be  turned  from  the  operator  during 
an  experiment,  to  secure  him  from  accident  should  it  get  blown 
out  by  a  stoppage. 

Besides  these  different  forms  of  lamp,  the  common  twisted 
cotton- wick  spirit-lamp  is  a  very  useful  instrument ;  a  verr 
considerable  degree  of  heat  may  be  obtained  from  it ;  and  small 
platinum  cruciUes  may  be  heated  to  redness  in  its  flame.  The 
neating  power  of  all  these  lamps  is  greatly  increased  by  enclos- 
ing the  crucible  in  a  jacket  of  iron  plate,  as  representea  in  !Fig. 
14.  Professor  Sainte-Claire  Deville  has  contrived  a  lamp,  in 
which  the  combustion  of  spirit  of  turpentine  is  effected  with  the 
assistance  of  a  blast  of  atmospheric  air,  and  the  result  is  the 
production  of  a  high  degree  of  heat.  (See  Griffin's  '  Chemical 
Itecreations,'  pp.  582-3.; 

17.  Furnaces. — The  varieties  of  furnaces  that  have  been  con- 
trived by  different  chemists  for  particular  and  for  general  pur» 
poses  are  almost  iDnumerable,  and  it  would  require  an  entire 
treatise  to  descant  on  their  several  uses  and  comparatiye  merits. 
In  the  well-appointed  laboratory,  the  wind,  blast,  andreverbera- 
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toiy  fiinuu»fl  will  of  ooune  find  their  pn^r  |)lace» ;  bnt,  u  it 
it  no  part  of  oar  object  in  thia  tre&tiBe  to  give  %  minute  de- 
Mription  of  the  apparatus  required  in  a  large  chemical  esta- 
blMoment,  we  Bhall  merely  notice  one  or  two  of  the  furnaces 
whieh  seem  best  adapted  to  small  private  laboratorieB,  and  for 
&e  me  of  etndenta  in  analyticftl  chemiatry. 

A  rerj  useful  furnace  may  be  made  out  of  a  black-lead  or 
"blue"  pot;  one  of  those  vesaelH,  about  a  foot  in  height  and 
seren  or  eight  inches  in  width  at  the  top,  will  make  a  furnace 
quite  large  enough  for  the  ignition  of  Bmall  crucibleB,  and  for 
tolerations  on  the  Bmall  scale.  It  should  have  a  series  of  round 
boles  pierced  in  it  at  equal  diefcanceB  apart  round  the  aide  for 
the  Admission  of  ur,  and  it  should  be  tightly  bound  round  with 
rtout  iron  or  copper  wire  to  strengthen  and  hold  it  together 
when  it  cracks,  A.  small  cast-iron  grate  resting  between  the 
bottom  and  the  second  tier  of  holes,  and  a  moreable  hood  or 
(iitnney,  complete  tbe  apparatus.  "  There  is  no  difficulty," 
MjB  Faradof,  "  in  raising  a  crucible  two  inches  and  a  half  in 
diuieter  to  a  white  heat  by  a  furnace  of  this  kind;  and  that, 
in  any  situation  which  mar  he  convenient  upon  tbe  table  or  the 
flocn-,  and  with  all  the  aavantages  of  arranging  or  dismonnt- 
ingUie  apparatus  with  extreme  focility."  One  of  the  greatest 
leeommMulationa  of  this  furnace  ia  its  extreme  cheapnesa, 
the  entire  cost  not  exceeding  a  few  ahil- 
GagB.  Minnte  direotiona  for  conatructiug  it 
and  anangingit  for  different  operations  will 
be  foDnd  m  Faraday's '  Chemical  Manipula- 
tion.' 

Tig.  16  represents  Mr.  Aikin's  portable 
blsat  foroace.  Like  tbe  one  last  described, 
it  ia  made  generally  out  of  black-lead  pots, 
three  being  nsed  for  the  purpoae.  The  lower 
part  of  the  first  one  serves  as  a  resting-place 
for  tite  body  of.the  fomaoe;  it  has  a  hole 
drilled  throogfa  it,  by  which  air  ia  aupplied 
from  a  bellows  to  the  bod;  of  the  furnace, 
vhich  ia  another  crucible  placed  above  the 
lower  one,  in  which  several  holea  are  drilled 
to  admit  air ;  over  the  second  crucible  a  third 
is  inverted,  with  a  large  hole  cut  in  tbe  side  ^'  ^^■ 

far  the  escape  of  smoke  and  gaseous  matters.    Cast-iron  may 
be  melted    in    this   furnace,   and    moderate-siied  crucibles 


S4  qnALITATITE  ANALTSIS. 

brooght  to  a  full  red-heat  in  a  few  minntea.    The  fuel  lued 
ia  coke. 

Fig.  17  ia  known  as  Blaek't  furnace,  and  is,  perhaps,  on  the 
whole  the  most  conTeoient  where  a  Btationary  furnace  is  re- 
quired. It  conBiBts  of  a  caae 
of  strong  sheet-iron  lined  with 
refractorj  clar,  the  grate  is 
fixed  to  the  iron  plate  which 
Bupporta  the  tube,  and  forma 
the  top  of  the  aah-pit,  which  ia 
provided  with  a  aliding  door  fyr 
the  admiasion  of  air;  there  are 
yarious  apertures  in  the  front 
and  aides  of  the  furnace  for  the 
adtnission  of  tubes,  cruciblee, 
etc.    The  fuel  used  ia  coke. 

18.  Orueiblet. — By  this  name 

are  deiigaated  those  vesseU  in 

which  Bubstancee  are  subjected 

to   high  temperatures.      They 

[  vary  considerably  in  material  aa 

well  as  in  shspe.     Those  most 

comrnonly  employed  in  the  la- 

:  boratory  are  the  following: — 

'      The  Hettian  erucible,to  which 

preference  will  slmoat  always  be 

given  where  evthen  vessels  are 

required.     They  are  triangular 

'<■  l'-  in  shape,  aud  will  resist  a  nigh 

temperature,  as  well  aa  the  action  of  iluxes.     They  are  not 

provided  with  covers,  and  are  sold  in  nests  of  five  or  six,  at  a 

very  moderate  price. 

The  Oomith  enteible. — They  are  generally  round,  and  are 
provided  with  covers.  In  power  of  resisting  high  temperatures, 
and  the  action  of  fluxes,  they  nearly  equal  the  Hessian,  from 
which  they  are  distinguished  by  their  colour  being  white. 

The  Sluepof, or  Black-lead  Omeible. — These  Teasels  are  made 
of  a  mixture  of  black-lead  and  clay,  and  are  generally  of  a  large 
size,  being  principally  used  in  tho  arts.  They  bear  a  very  high 
temperature,  ana  withstand  the  action  of  fluxes. 

Crucibles  made  of  Berlin  ware,  bitomt  porcelain,  and  J&mmm 
vare,  are  also  much  used.     They  are  made  very  thin,  utd  will 
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Bbod  a  high  temperature;  the  meet  oonTenient  shapee  arO' 
filtowD  in  Figs.  18  and  19.    Besides  these,  a  crucible  and  coyer 
ai platinum  is  indispensable  to  the  analytical  chemist.     This 
Tilosble  yessel  should  be  used  with  oare ;  it  should  neyer  be 
oposed    unprotected    to 
the  fael  of  a  furnace.    In 
almost  every  case  a  suffi- 
cient heat  for  all  analytical 
operations  maybe  obtained 
1^  gaSy  but  when  a  very 
lugh  temperature   is  re- 
qtiired,   and   it   is  found  ^«- 1^.  Fig.  19. 

necessary  to  resort  to  the  furnace,  the  platinum  crucible  should 
be  inserted  into  a  Cornish  one,  the  mterveuing  space  being 
filed  np  with  lime.  A  pure  silver  crucible  may  in  many  cases 
be  substituted  for  one  of  platinum ;  but  it  must  be  borne  in 
nind  that  silver  is  far  more  fusible  than  platinum.  Pusible 
netals,  or  compounds  of  metals  likely  to  be  reduced,  must  never 
be  heated  in  vessels  of  silver  or  platinum,  as  the  alloys  formed 
greatly  injure  them :  all  compounds  containing  lead  must  also 
be  particularly  avoided.  Our  limits  do  not  allow  of  our  enter- 
ing into  the  details  of  furnace  operations.  The  student  will 
bd  the  subject  fully  treated  in  Earaday*s  valuable  work  on 
'Chemical  ManipuUtion.' 

THE  BLOWPIPE. 

19.  Por  aubmitting  small  substances  to  high  temperatures, 
and  for  obtaining  a  knowledge  of  the  materials  of  which  they 
are  composed,  the  blowpipe  is  an  invaluable  instrument,  and 
one  with  the  use  of  which  the  chemical  student  should  spare 
no  pains  to  jaake  himself  thoroughly  acquainted. 

The  blowpipe,  though  the  forms  which  it  has  received  are 
very  numerous,  is  essentially  a  tube  terminated  by  a  small, 
roimd,  smooth  aperture,  through  which  a  current  of  air  can  be 
propelled  by  the  mouth  against  the  side  of  a  flame.  A  minia- 
tare  blast-furnace  is  thus  set  in  action ;  and  not  only  may  an 
intense  white  heat  be  produced  and  directed  against  the  subject 
of  experiment,  but  several  distinct  operations  may  be  performed 
oa  it,  as  will  presently  be  shown. 

The  most  simple  form  of  blowpipe  is  a  conical  tube  of 
japanned  tin-plate  or  brass,  about  seven  inches  long,  bent 
nearly  at  a  right  angle,  about  two  inches  from  the  narrow  end; 
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bat  My  dnring  tbe  operation  of  blowiDg  from  tbe  mouth, 
aqueoas  vapour  condenses,  and  is  driven  through  tbe  jet  with 
the  stream  of  air,  various  contrivances  have  been  devised  for 
retaining  the  water. 

Dr.  Black'i  blowpipe,  which  is  the  cheapest,  and,  on  the 
whole,  perhaps  the  most  useful  of  the  numerous  forms  which 
have  been  given  to  this  instrument,  is  shown  in  Fig.  20.    It  is 

a  conical  japanned  tin-plate  tube,  two^fifths  of 
an  inch  wide  at  the  broad  end,  which  is  closed, 
and  one-third  of  an  inch  wide  at  the  narrow 
end,  which  is  open.  A  small  brass  pipe, 
terminated  by  a  jet  two  inches  long,  and  one- 
eighth  of  an  inch  in  diameter,  is  adapted  to 
the  side  of  the  tube  near  the  broad  ena  The 
moisture  from  the  breath  is  condensed  and 
retained  at  the  closed  end,  the  conical  form 
of  which  serves  also,  in  some  degree,  to  regu- 
late the  pressure  of  the  air. 

The  priocipal  point  to  be  attended  to  in  the 
construclaon  of  the  blowpipe  is  the  jet,  of 
which  there  should  be  two,  the  calibre  of  the 
one  being  rather  larser  than  that  of  the  other ; 
the  aperture  should  be  perfectly  round  and 
smooth,  and  the  channel  leading  to  it  conical ; 
and  it  should  be  made  of  platinum,  as  being  easier  kept  clean. 
In  using  the  blowpipe,  the  air  is  supplied  from  the  mouth, 
and  not  from  the  lungs ;  and  during  the  blast  the  communica- 
tion between  these  two  organs  is  closed,  respiration  beinff 
carried  on  through  the  nostrus.  The  description  of  the  method 
of  blowing  through  the  pipe  is  far  more  difficult  than  its  ac- 
quisition. It  is  necessary,  in  the  first  place,  to  acquire  the 
means  of  keeping  the  cheeks  distended  with  air,  whilst 
respiration  goes  on  in  an  unimpeded  manner  through  the  nose; 
and  to  ODen  and  close  the  communication  between  the  mouth 
and  the  lunes,  and  between  the  lungs  and  the  air  at  pleasure. 
When  this  habit  is  gained,  no  difficulty  is  experienced  in 
keeping  up  a  strong  and  continuous  stream  of  air  without 
fatigue  or  injury  to  the  health. 

The  Aiel  for  supplying  the  flame  for  the  blowpipe  may  be 
either  that  of  a  canale  with  a  thick  wick,  or  oil,  or  a  solution 
of  oil  of  turpentine  in  spirits  of  wine,  or  gas.  The  latter, 
when  it  can  be  obtained,  is  the  most  conveni^it ;  and  Griffin 
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(see '  Chemical  Becreations')  reeommends  that  the  form  of  the 
bamer  should  be  that  of  a  ^t  pipe^  about  1^  inch  wide,  and  ^ 
of  an  inch  broad,  cut  aslant  at  an  angle  of  40°  from  the  hori- 
fontal.  When  oil  (which  should  be  oliye  or  refined  rape)  is 
naed,  the  beat  form  of  lamp  is  that  used  by  Berzelius,  Fig.  21. 


Fig.  21. 


Fig.  22. 


The  Teasel  containing  the  oil,  a,  is  adapted  to  a  vertical  sup- 
port, e  dy  on  which  it  may  be  adjusted,  at  any  conyenient 
height,  by  the  screw,  f.  The  oil-yessel  is  furnished  with  two 
ipertmfes,  c  and  h,  each  of  which  may  be  closed  by  a  cap ;  the 
fiel  is  supplied  through  e,  and  the  wick  is  introduced  through 
the  aperture,  h  Fig.  22  is  the  form  of  blowpipe  employed  by 
JPlatUier.  If  a  candle  be  employed,  it  should  be  snuffed  rather 
fthort,  and  the  wick  turned  on  one  side  towards  the  object,  so 
that  a  part  of  it  may  lie  horizontally ;  the  stream  of  air  from 
the  blowpipe  must  be  blown  along  the  horizontal  part  as  near 
as  possible  without  striking  the  wick. 

20,  Structure  rf  Flame, — To  understand  the  method  of  ma* 
naging  the  blowpipe  requires  the  knowledge  of  the  properties  of 
th'e  different  paH»  of  a  flame,  which  may  best  be  studied  in  that 
of  a  steady*buming  candle,    l^g.  23  represents  such  a  flame^ 
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which  will  be  found,  on  examination,  to  ooDsist  of  four  distinct 
parts.  The  batfe,  dd,iB  bright  blue ;  it  is  here  that  oxjgen  enters 
the  flame ;  the  blue  colour,  which  is  produced  by  the  thorough 
oombustion  of  the  carbon  of  the  fuel,  disappears  as  the  flame  elon- 
gates, ^^vDfr  place  to  a  thin,  scarcely  visible  coating,  6  b.  Chemi- 
cal action  is  here  most  intense,  and  this  exterior  mantle  is  the 
hottest  part  of  the  flame.  In  the  veiy  centre  of  the  flame,  sur- 
rounding the  wick,  is  a  dark,  conical  spot,  a;  this  is 
the  magazine,  as  it  were,  of  the  inflammable  gases 
derived  from  the  decomposition  of  the  tallow ;  it  is 
shut  out  from  all  communication  with  oxjgen,  and 
the  combustible  gases  consequently  remain  nn- 
bumed.  Surrounding  this  dark  portion  is  an  in- 
tensely luminous  envelope,  e  e.  It  is  here  that  the 
inflammable  compounds  of  carbon  and  hydrogen  are 
decomposed;  the  hydrogen  bums  into  water,  but 
the  carbon,  not  meeting  with  a  sufficient  supply  of 
oxjgen  to  effect  its  oxidation,  separates  in  a  state 
of  intense  ignition.  A  few  simple  experiments  will 
serve  to  elucidate  the  above  description. 

The  hoUow  structure  of  the  flame  is  proved  by 
bringing  down  upon  it  a  piece  of  thin  glass  or  wire- 
gauze,  and  viewing  the  section  of  the  flame  from 
above.    That  this  hollow  is  filled  with  inflammable 
F'    23     ^"^^  ^^  demonstrated  hj  carefully  introducing  into 
^'  its  centre  a  piece  of  thm  glass  tube  one-eighth  of 

an  inch  in  diameter,  and  six  or  eight  inches  long :  the  gases 
will  escape  through  this  tube,  and  may  be  inflamed  at  ito  ex- 
terior aperture.  That  the  luminous  part  of  the  flame  consists 
of  intensely  ignited  charcoal  is  shown  by  introducing  into  it  a 
cold  body,  such  as  a  plate,  which  will  become  blackened  from 
the  deposition  of  carbonaceous  matter.  That  the  blue  colour  at 
the  base  of  the  flame  is  occasioned  by  the  combustion  of  some 
form  of  carbon,  is  proved  by  holding  close  to  it  a  glass  rod, 
from  the  end  of  which  a  drop  of  lime-wat^r  is  suspended — ^the 
clear  liquid  speedily  becomes  milky,  owing  to  the  fonnation 
of  carbonate  of  lime  ;  and,  lastly,  that  the  hydrogen  of  the  fuel 
is  being  converted  into  water  at  the  exterior  envelope  is  ren- 
dered evident  by  holding  near  it  a  large  brieht  metallic  sur- 
face, such  as  a  polished  snuffer,  which  speedily  becomes  be- 
dewed with  moisture.  Of  these  four  parts  of  the  flame  two  are 
principally  concerned  in  blowpipe  operations — ^the  blue  part 
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and  the  lummouB  part ;  and  these  two  have  totaUj  different 
and  indeed  opposite  functions.     Ezom  the  first  is  prodaced 
tbe  oxidizing  flame,  and  from  the  second  the  reducing  flame. 
The  oxidizing  fiamo  ma^  be  considered  as  the  blae  oval  base 
eonverted  into  a  cone.  1%  produce  it,  the  nozzle  of  the  blowpipe 
is  introduced  about  one-tenth  of  an  inch  within  the  flame,  im- 
mediately  above  the  wick,  and  a  gentle  and  uniform  current  of 
sir  kept  up  from  the  mouth.  The  heat  is  greatest  at  the  extremity 
of  this  flame ;  but  to  obtain  the  greatest  oxidising  power,  the 
subject  of  experiment  should  be  kept  as  far  from  the  apex  of 
the  flame  as  is  consistent  with  a  sumciently  elevated  tempera- 
ture.    A  too  powerful  blast  must  be  avoided,  as  tending  to 
cool  the  flame  and  to  injure  the  process  of  oxidation :  the  aper- 
ture in  the  nozzle  of  the  blownipe  must  not  be  too  small. 

Eig.  24  shows  the  form  which  the  flame  should  assume  when 
oxidizing  effects  are  de- 
sired; the  blue  dart,  a,  5, 
IB  the  lower  blue  exterior 
part  of  the  flame  in  its 
natural  state,  now  con- 
eentrated  in  the  interior. 
The  reducing  fiame  is 
more  difficult  to  obtain  ; 
the  jet  of  the  blowpipe 
must  not  be  introduced  ^ig-  24. 

into  the  flame,  but  kept  just  on  its  edge,  and  the  stream  of 
air,  thrown  higher  over  the  wick  than  in  the  oxidizing  flame, 
the  whole  of  the  luminous 
portion  thus  becomes  de- 
flected, and  appears  as  a 
long  narrow  cylinder  sur- 
rounded by  a  feeble  lumi- 
nous mantle.  It  is  in  thelu- 
minous  portion,  consisting, 
of  partially  consumed  com- 
bostible  matter,  stronglv 
disposed  to  combine  with 
oxygen,    that    reductions 


Fig.  25. 


are  effected,  and  the  assay  must  be  entirely  surrounded  with 
it.  Fig.  25  may  serve  to  convey  some  idea  of  the  general  ap- 
pearance of  the  reducing  flame.  If  a  lamp  or  candle  be  used 
aa  fuel,  attention  must  be  paid  to  the  condition  of  the  wick, 
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which  must  be  of  moderate  lensth,  and  very  eyenly  and  smoothly 
cut.  The  orifice  in  the  jet  of  the  blowpipe  should  be  smaller 
than  when  oxidation  is  the  object,  the  blast  must  be  moderately 
strong  and  uninterrupted.  For  the  purpose  of  acquiring  practice, 
the  student  should  fuse  a  minute  quantity  of  oxide  of  manga- 
nese with  borax,  upon  a  platinum  wire  in  the  oxidising  flame, 
when  a  violet-red  glass  will  be  obtained ;  by  submitting  this 
glass  to  the  reduction  flame  it  will  become  colourless,  or  nearly 
so,  according  as  the  flame  has  been  made  more  or  less  perfect. 
Or  a  piece  of  tin  may  be  fused  upon  charcoal,  and  kept  in  that 
state  for  a  considerable  time,  whde  it  presents  the  appearance 
of  a  bright  metal  on  the  surface :  this  wiU  require  dexterity  in 
the  operator ;  for  if  the  oxidation  flame  should  chance  to  touch 
the  bright  metal  only  for  a  moment,  it  becomes  coated  with  an 
infusible  oxide. 

21.  Bloivpipe  supporte. — Objectsaresupportedbeforetheblow- 
pipe  either  on  charcoal  or  on  platinum.  When  the  subject  of 
experiment  has  to  be  heated  with  free  access  of  air,  in  order  to 
see  whether  any  volatile  matters  are  given  off,  the  operation  is 
conducted  in  a  glass  tube  open  at  both  ends.  The  best  charcoal 
for  blowpipe  operations  is  made  from  the  wood  of  pine,  willow, 
or  alder ;  it  should  be  well  burned  and  free  from  bark.  Chriffin 
recommends  that  a  supply  of  capsules  of  charcoal  should  be 
kept  ready  for  use ;  he  directs  them  to  be  made  thus : — Take 
sticks  of  an  inch  in  diameter,  or,  if  the  charcoal  be  in  thick 
masses,  cut  it  into  sticks  an  inch  square  with  a  fine  saw. 
Next,  cut  these  sticks  crosswise  into  flat  pieces  one-third  o£ 
an  inch  thick,  and  make  in  each  plate  a  cavity  one-tenth  of 
an  inch  deep,  and  one-fourth  of  an  inch  wide,  to  serve  as  a 
species  of  capsule  to  hold  the  substance  to  be  heated.  These 
capsules  are  held  in  the  fire  by  a  narrow  and  thin  strip  of 
tin  plate. 

As  there  is  some  difficulty  in  procuring  unexceptionable 
charcoal  for  blowpipe  experiments,. Jfr.  Qriffin  has  described 
and  recommended  Q  Chemical  Eeereaiione^)  the  following 
simple  methods  of  preparing  supports  for  fueions  as  well  aa 
for  operations  of  reduction : — Into  a  small  boxwood  mould 
there  is  first  pressed  a  plastic  mass  made  of  fine  pipe-clay 
and  charcoal  powder  mixed  in  equal  parts,  by  weight,  with  as 
much  water  slightly  thickened  with  rice-paste  as  is  sufficient 
to  form  a  stiff  plastic  mass.  This  forms  a  conical  cup  or 
crucible.     On  this  is  firmly  pressed,  by  means  of  a  suitable 
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boiwood  pestle,  a  round  ball  of  either  of  the  combustible 

eompoaitions  described  underneath ;  the  whole  forms  a  small 

e^Mer  half  an  inch  high,  and  half  an  inch  in  diameter  at  the 

top,  and  about  two-fifths  of  an  inch  at  the  bottom :  it  weighs 

about  16  grains,  consisting  of  10  grains  of  day,  and  6  grains 

of  combustible  matter.    The  little  cylinder  is  easily  removed 

from  the  mould  by  means  of  the  pestle,  which,  as  well  as  the 

inside  of  the  mould  itself,  should  be  oiled. 

The  combustible  portion  of  the  support  iorfiisions  is  made  of 

Charcoal  in  fine  powder     ...    12  parts 

Bice-flour in 

Water,  about  . S     »> 

The  rice  is  boiled  with  water  to  form  a  paste,  with  which  the 
eharcoal  is  afterwards  mixed,  into  a  mass  of  the  consistence  of 
dough. 
The  upper  part  of  the  support  for  redueHatu  is  made  of 
Charcoal  in  fine  powder      ...    9  parts. 
Carbonate  of  soda,  crystallized         2    „ 

Borax  crystallized 1     „ 

Bice-flour ^    „ 

Water,  about 8    „ 

The  water  is  boiled,  the  soda  and  borax  are  dissolved  in  it,  and 
the  rice  is  then  added  to  form  a  paste,  with  which  the  charcoal 
is  finally  incorporated,  and  the  whole  well  kneaded  into  a  stiff 
mass. 

In  using  the  support  for  fusions,  it  is  heated  before  the 
blowpipe  till  it  is  red-hot,  and  on  removing  it  from  the  flame 
it  oontmues  to  glow  like  a  pastile,  and  would  consume  entirely 
away  down  to  the  clay  mixture.  A  quantity  of  microcosmic 
salt  is  now  added,  which  immediately  melts  into  a  small  cavity 
bored  in  the  centre  of  the  support,  forming  a  bead,  which  is 
heated  in  the  blowpipe  flame  till  it  becomes  transparent  and 
colourless.  It  is  now  remored  from  the  flame,  and  placed  on  a 
Berlin  capsule  ;  the  subject  of  experiment  is  added,  and,  as  in 
consequence  of  the  glowing  state  of  the  support  the  flux  re- 
mainB  in  a  pasty  condition,  the  added  substance  is  immediately 
absorbed.  It  is  again  fused  before  the  blowpipe,  and  on  re- 
moving it  the  pastile  bums  gradually  away,  leaving  the  bead  on 
the  clay  support,  where  it  may  be  conveniently  examined. 

In  using  the  support  for  reductions  it  is  first  heated  before 
the  blowpipe :  as  the  charcoal  consumes,  the  fluxes  fuse  and 
become  concentrated  on  the  surface;  and  on  heating  a  reducible 
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metallic  compound  upon  it,  it  becomes  immediately  exposed  to 
a  powerful  reducing  action. 

These  forms  of  support  have  certainlj  the  merit  of  great 
portability,  and  are,  therefore,  well  adapted  to  the  trayelJinff 
mineralogist.  The  whole  of  the  apparatus  may  be  purchased 
of  Mr,  Oriffln,  of  JSunhill  Sow,  for  a  few  shillings.  Bice  is 
chosen  as  being  a  strong,  cheap,  and  conyenient  agglutinant 
melting  and  binding  the  charcoal  powder  well  together,  and 
yielding  itself,  by  its  decomposition,  a  charcoal  of  difficult  in- 
cineration. The  supports  are  held  before  the  blowpipe  on  a 
ring  of  iron  wire  thrust  through  a  cork. 

When  charcoal  is  employed,  K>r  nearly  all  ordinary  operations, 
the  cavities  may  be  bored  in  it  by  means  of  a  simple  conical 
tube  of  tin  plate,  the  edges  of  which  are  sharpened  by  a  file ; 
the  diameter  of  the  small  end  may  be  one-fourth  of  an  inch, 
that  of  the  large  oue,  one-half.  A  yery  ingenious  charcoal 
fiimace  for  quantitative  blowpipe  operations  will  be  found  de- 
scribed, though  not  so  clearly  as  could  be  desired,  in  the  valu- 
able manual  of  Plattner. 

Charcoal  is  employed  as  a  support  when  the  subject  of  ex- 
periment has  to  be  reduced ;  but  when  the  object  is  to  ascertain 
what  coloured  bead  it  produces  when  fused  with  borax  or 
microcosmic  salt,  a  platinum  wire  curved  at  one  end  may  be 
advantageously  employed.  It  should  be  about  two  inches  long, 
and  it  may  be  fixed  in  a  hilt,  the  handle  of  which  is  hollow, 
serving  as  a  reservoir  for  extra  wires.  In  using  these  wiies 
the  hook  is  moistened  in  the  mouth,  and  then  dipped  into  the 
pounded  fused  borax,  which  is  melted  in  the  fiame  into  a  clear 
bead ;  when  cool  it  is  again  moistened,  a  minute  quantity  of 
the  substance  to  be  examined  caused  to  adhere  to  it,  and  hoih 
fused  together. 

22.  It  is  frequently  required  to  heat  the  substance  with 
nitre  or  bisulphate  of  potash ;  this  is  done  in  the  small  platinum 
spoon,  Fig.  26,  of  which  it  is  convenient  to  have  two  sizes — one 

about    nine^sixteentha 

^        .     -^asiaam^tmmmmmmmii^      of  an  inch  in  diameter, 
p.    .g  for  melting  substances 

^'  with  bisulphate  of  po- 

tassa ;  and  the  other  about  three-eighths  of  an  inch  in  diameter, 
for  fusing  substances  with  nitre.  Stains  on  these  spoons  are 
best  removed  by  rubbing  them  with  charcoal  powder.  In  order 
fo  try  the  fusibility  of  a  specimen,  it  is  held  in  the  flame  by 
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DMosi  of  the  pktinum  forcepa.  Fig.  27.    The  following  simple 
Brt^  of  preparing  Bmall  thin  day  buiai  for  routug  oree 


q^ 


)  contunea  in 

Y  FlAttner.    A 

I 


Pig.  27. 
Old  for  the  reduoUoo  of  lead  and  tin  oxides  contained  in 
caldned  and  nncalcined  minerals,  etc.,  is  given  b^  FlAttner. 
flse  proof-clay  ia  kneaded  into  a  atiff  paste 
with  water,  and  having  rubbed  the  aumoea 
of  the  boxwood  press.  Fig.  26,  with  oil,  a 
■lip  of  paper  three  inches  in  length  and  one- 
fourth  of  an  inch  in  breadth  is  placed  on  the 
middle  of  the  concavity  of  tlie  press,  which 
ia  Kven-eighths  of  on  inch  wide  and  flve-aii- 
teenths  of  an  inch  deep,  and  upon  this  a  amall 
riif-ball  about  half  an  inch  in  diameter ;  the 
np^i  Borface  of  the  press  is  then  stamped 
wiiont^ly  on  the  clay  mass  as  far  aa  la  re- 
quired,    l^is  being  done,  the  superfluous  claj  I 
*ill  have  exuded,  and  the  handle  or  upper  I 
»rt  of  the  apparatus  can  be  removed  easily 
oj  careful  turning;  with  a  small  knife  the  "* 

day  which  is  driven  out  may  be  cut  away,  and  it  can  then  he 
■sea  whether  the  baain  is  sufficiently  thin 
and  uniform ;  if  so,  the  slip  of  paper  is  gen- 
tly pulled  and  the  dish  extracted.  Afber 
a  few  boura*  drying,  the  paper  detaches 
itKlf  from  the  little  clay  dish,  which  is 
then  heated  to  redness  in  a  platinum 
aucible.  These  basins  ahould  not  exceed 
one  thirty-second  of  an  inch  in  thick- 
ness, and  tbe  proper  consistence  of  the 
elay  is  eooii  ascertained:  if  the  edgea  of 
two  of  these  little  vessels  be  ground  with 
a  file,  one  may  aerve  as  a  cover  to  the 
tther. 
The  steel  mortar,  Fig.  29,  is  an  apparatus 


(^  great  use  to  the  blowpipe  and  mineral 
uuvit.  It  consists  of  three  separate  parta 
tbe  lower  portion  is  a  shallow  dish  of  steel 


into  whicb  a  massiTe  hollow  hemispherieol  ^'S  ^* 

PAAT  I.  n 
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cylinder,  also  of  steel,  is  accurately  fitted  by  grinding;  the 
upper  portion  is  a  solid  cylinder  of  the  same  metal,  which 
exactly  fills  up  the  hollow  cylinder.  When  a  mineral  has  to 
be  crushed,  it  is  introduced  into  the  bed  of  the  mortar,  the 
solid  cylinder  is  then  replaced  and  struck  forcibly  several  times 
with  a  maUet,  by  which  it  is  reduced  to  a  coarse  powder,  and 
may  afterwards  be  brought  to  an  impalpable  state  by  grinding 
in  the  agate  mortar. 

XVAPOBATIOir. 

23.  Evaporation  is  an  operation  to  which  the  chemist  is  con- 
stantly resorting;  he  has  recourse  to  it  for  concentrating 
liquids  previous  to  the  application  of  certain  tests ;  for  separa- 
ting volatile  fluids  from  fixed  substances ;  for  inducing  crystal- 
lization ;  or  for  obtaining  in  a  solid  form  substances  held  in 
solution  by  water  or  other  liquids.  When  the  object  is  to 
retain  the  fluid  evaporated,  as  well  as  the  residue,  the  pro- 
cess is  called  distillation.  The  ordinary  operation  of  evapon^ 
tion  is  conducted  in  basins  of  earthenware,  silver,  or  platinum: 
watch-glasses  also  occasionally  form  very  useful  vessels.  The 
earthenware  basins  should  be  as  thin  as  is  consistent  with 
strength,  and  should  resist  the  action  of  acids  and  alkalies  in 
solution ;  the  silver  and  platinum  vessels  should  be  provided 
with  a  projecting  slip  of  metal  to  serve  as  a  handle,  whereby 
they  may  be  held  by  a  pair  of  pincers.  In  ordinary  cases,  the 
object  sought  hj  evaporation  is  attained  by  exposing  the  fluid 
to  heat ;  sometimes,  however,  it  is  effected  by  leaving  it  for  a 
certain  time  in  contact  with  the  atmosphere  at  common  tem- 
peratures, or  in  confined  air  kept  dry  by  hygroscopic  substances. 
In  quantitative  experiments  the  evaporating  substance  should 
never  be  allowed  to  enter  into  actual  ebullition,  as  a  loss  would 
almost  unavoidably  be  sustained  by  bubbling.  It  is  frequently 
advisable,  therefore,  to  apply  heat  through  the  medium  of  the 
water  bath,  which  may  be  a  copper  basin  about  six  inches  in 
diameter  and  three  inches  deep,  provided  with  a  series  of  rings 
of  different  diameters  to  suit  dishes  of  different  sizes.  Whue 
a  liquid  is  evaporating,  it  is  requisite  carefully  to  protect  it 
from  dirt  and  dust :  this  is  best  done  in  the  manner  recom- 
mended by  Fresenius,  viz.  by  providing  two  small,  thin,  wooden 
hoops,  one  of  which  must  be  made  to  fit  loosely  in  the  other; 
a  sheet  of  blotting-paper  is  spread  over  the  smaller,  and  tbe 
larger  pushed  over  it :  an  excellent  cover  is  thus  formed,  which. 


0PEBATI0M8  AMD  APPABATUS.  35 

whikit  effectuallj  guards  the  liaaid,  does  not  come  into  con- 
tact with  it,  and  does  not  in  tbe  least  impede  or  retard  the 
pooeBB  of  evaporation.    Sometimes  it  is  necessary  to  evaporate 
Aodfl  from  solid  substances  contained  in  crucibles :  in  such 
eases  tiie  cmcible  should  be  supported  in  an  inclined  position, 
and  the  heat  applied  a  little  aboye  the  leyel  of  the  liquid :  an 
equal  distribution  of  heat  is  therebj  secured,  and  the  loss  of  a 
portion    of  the  sediment  hj  spirting  avoided.      The  same 
method  may  be  adopted  in  the  eyaporation  of  solutions  of  those 
salts  which  have  a  tendency  to  effloresce  and  creep  up  the  sides 
of  tbe  evaporating  vessel :  in  the  latter  case  the  object  maj  be 
also  attained  bj  Blightly  greasing  the  upper  part  of  the  sides 
of  the  dish,     ^orv  &equentl7  in  the  course  of  an  analysis 
large  quantities  of  filtrates  have  to  be  eyaporated  down  to 
perfect  dryness :  in  such  cases  the  fluids  are  first  concentrated 
by  evaporation  over  the  naked  fire,  and  afterwards  transferred 
into  smaller  vessels,  to  be  finished  in  the  water  or  sand  bath. 
The  process  of  transferring  liquid  from  one  basin  to  another,  so 
as  to  avoid  the  smallest  loss,  requires  care  and  a  steady  hand ;  the 
edge  of  the  large  dish  should  be  slightly  smeared  with  tallow, 
and  the  liquid  poured  down  an  inclined  rod,  as  recommended 
above  when  treating  of  filtration.  Tbe  evaporation  of  a  mineral 
water  from  which  carbonic  acid  or  other  gases  are  expelled  by 
heat,  should  always  be  commenced  in  a  flask  loosely  covered 
with  a  piece  of  bibulous  paper. 

A^  the  evaporation  of  a  fluid  in  which  a  considerable  sedi- 
ment is  formed  draws  to  a  conclusion,  the  thick  mixture  re- 
quires to  be  treated  with  great  care;  for,  the  circulation  of  the 
n»it  being  now  interrupted,  the  temperature  fr^uently  in- 
creases at  the  bottom  of  the  yessel  until  above  the  boiling-point 
of  the  solution,  and  then  the  sudden  evolution  of  small  quan- 
tities of  steam  occasions  a  projection  of  portions  of  the  sub- 
stance from  the  basin.  Sometimes,  indeed,  when  the  solid 
residue  dries  hard,  it  forms  a  cake  on  the  surface,  underneath 
vhich  steam  accumulates,  and  suddenly  explodes  with  a  force 
not  merely  sufficient  to  disperse  the  contents  of  the  vessel,  but 
eren  to  break  it  in  pieces.  In  these  cases,  the  substance  should 
be  continually  stined  with  a  glass  rod,  by  which  the  loss  by 
spirting  is  prevented. 

DISTILLATION. 

24.  This  operation  is  performed  when  it  is  desired  to  collect 
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the  evaporating  substance.  It  must  obviously,  thereforo,  be 
conducted  in  an  apparatus  in  which  the  vapour  as  it  rises  nmy 
be  refrigerated,  and  again  reduced  to  a  liquid  or  solid  state, 
and  collected  in  a  separate  vessel.  When  the  elastic  fluid  or 
vapour  assumes  on  cooling  the  solid  state,  the  process  is  called 
sublimation. 

The  vessel  in  which  almost  every  laboratory  distillation  is 
effected  is  the  ^lass  retort ;  those  made  of  hard  green  glass  are 
the  most  serviceable,  as  they  withstand  the  action  of  caustic 
alkalies ;  it  is  difficult,  however,  to  get  them  stoppered.  Be- 
torts  made  of  hard  German  glass  are  now  much  used  in  this 
country;  their  high  price,  though  lately  much  reduced,  is  the 
only  objection  to  be  raised  against  them. 


Fig.  30. 

The  general  process  of  distillation  is  represented  in  Pig.  80. 
The  bend  of  the  retort  is  protected  from  the  cooling  influence 
of  the  air  by  a  thick  paper  or  cardboard  cone,  with  a  broad 
notch  to  admit  the  neck ;  this  interferes  with  a  ready  change  of 
air  at  the  top  of  the  retort,  and  saves  much  heat  which  would 
otherwise  escape  at  that  part,  from  the  condensation  of  the 
vapour  within.  The  end  of  the  neck  of  the  retort  is  connected 
with  a  long  tube,  either  by  means  of  a  cork  or  occasionally  hy 
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cement,  or  looaely,  the  junction  being  made  tight  by  strips  of 
montened  bladder  or  sheet  caoutchoac,  and  the  end  of  this 
ftabe  enters  the  mouth  of  the  vessel  into  which  the  distilled 
products  are  to  be  received.     The  receiver  is  plunged  into  a 
Msin  of  cold  water  in  which  lumps  of  ice  are  floating.    In 
order  to  liquefv  the  vapour  rising  from  the  retort  as  soon  as 
poMible,  several  folds  of  bibulous  paper  are  wrapped  round 
the  neck,  just  below  the  bend ;  and  lower  down,  just  above  the 
point  where  the  neck  enters  the  adapter,  a  ring  of  tow  is  tied, 
the  ends  of  which  are  caused  to  hang  down  four  or  five  inches. 
Cold  water  is  supplied  to  this  paper  from  a  large  funnel  con- 
taining a  filter  placed  immediately  above  it  in  such  a  position 
that  the  drops  of  water  shall  fall  on  and  spread  over  the  paper, 
▼hich  will  soon  become  saturated,  and  the  water  will  run  down 
to  the  tow,  from  which  it  will  descend  and  be  caught  in  a 
vessel  placed  beneath,  and,  provided  it  does  not  flow  in  too 
npid  a  stream,  none  will  enter  the  flask. 

In  the  distillation  of  many  liquids,  particularly  such  as  con- 
tim  alcohol,  the  vapour  is  freqnentlv  evolved  with  such  difficulty 
tt  not  only  to  endanger  the  sudden  expulsion  of  part  of  the 
tobstance,  but  the  safety  even  of  the  whole  apparatus.  A 
tranquil  and  regular  evolution  of  vapour  may  always  be  ob- 
tained by  introducing  into  the  retort  certain  angular  solids  on 
which  the  liquid  exerts  no  chemical  action,  as  fragments  of 
gh»8,  or,  still  better,  slips  of  platinum  foil ;  but  care  must  be 
taken  not  to  introduce  these  promoters  of  evaporation  while 
the  fluid  is  hot^  or  the  burst  of  vapour  might  probably  be  so 
inftantaneouB  as  to  do  more  harm  than  the  previous  irregular 
boiline.  The  same  precaution  is  applicable  to  the  introduction 
of  sobds,  of  whatever  nature,  into  liquids  while  boiling  or  near 
tiieir  boiling-points.  Sulphui^^c  aeid,  which  is  the  most  difficult 
sad  dangerous  of  all  substances  to  distil,  may  be  drawn  over 
onietly  and  regularly  by  previously  dropping  into  the  retort  a 
few  pieces  of  platinum  foil  or  wire. 
Various  other  contrivances  have  been  resorted  to  for  the 

Jorpose  of  condensing  the  vapour  in  the  process  of  distillation. 
Q  the  common  still,  this  is  well  known  to  be  accomplished  by 
erasing  the  vapours  to  pass  through  a  long  spiral  tube,  called  a 
worm,  fixed  in  a  tub,  and  surrounded  bj  cold  water.  In  cases 
▼here  the  products  are  not  easily  condensed,  Li^bif's  eor^ 
iauer  is  a  very  useful  and  convenient  arrangement,  and  is 
spplicable  in  all  cases  where  an  open  apparatus  is  admissible. 
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The  condenser  ia  a  hollow  metal  cyliader,  thFoag;h  the  eentre 
of  which  a  glass  tube  passes,  beiog  fixed  water-tight  bj  means 
of  perforated  corks  covered  with  cement.  This  tube  is  con- 
nected either  by  a  cork  or  bv  tubing  with  the  beak  of  a  retort; 
a  constant  stream  of  water  is  caused  to  flow  from  the  reservoir 

filaced  above,  down  the  funnel,  thus  entering  the  cylinder  at  its 
ower  part.     The  water,  wanned  by  the  condensation  of  the 


vapour,  flows  out  through  the  vertical  tube  nndemeatb  the 
upper  part  of  the  cylinder:  the  whole  apparatus  is  thus  kept 
constantly  cool,  and  the  distillation  proceeds  in  a  uniform  and 
steady  manner.     The  operatiou  is  represented  in  Fig.  8L 

It  IS  sometimes  required  to  conduct  the  gaseous  products  of 
distillation  into  vessels  containing  water  or  other  liquids,  as  in 
the  preparation  of  hydrochloric  and  sulphurous  acids,  solution 
of  ammonia,  etc. ;  ior  such  occasions  the  apparatus  of  Liebig 
would  obviously  be  unfitted,  and  the  arrangement  represented 
in  Fig.  82  is  best  adapted  to  the  purpose.    It  conaists  of  a 


OFBUII0N3    AND   APPABATUa. 


Knn  of  Teuels  placed  side  bj  Bide,  and  connected  br  tubes  in 
ndi  a  manner  that  the  tube  origtnatiag  in  ooe  veBsel  detcends 
Borl^  to  the  bottom  of  the  Teesel  following  it.  A  iimple  in- 
fection of  the  figure  will  show  the  directioa  in  which  the 
current  is  supposed  to  be  passing.  After  having  acted  on  the 
water  or  solution  in  the  firat  bottle,  it  passes  through  the  bent 
tube  into  the  second,  and  thence  into  the  third.  The  junctions 
of  the  tubes  with  the  bottles  are  made  in  various  wajs :  some- 
times  thev  pass  through  corks  as  in  the  figure,  at  other  times 


ihey  are  made  tight  by  glazier's  putty,  or  linseed  paste,  or 
plaster  of  Paris.  To  prevent  stiffnesa  and  rigidity,  the  tubes 
leading  from  bottle  to  bottle  may  be  made  of  separate  pieces 
united  together  tight  by  tubea  or  collars  of  caoutchouc.  This 
■nangement  has  received  the  name  of '  Woulfe's  apparatus,'  but 
it  wu  first  devised  by  Glauber.  The  upright  tubes  in  the 
centre  of  each  bottle  are  safety  tubes,  and  are  intended  to 
admit  air,  when  from  any  cause  the  pressure  within  is  so  far 
diminished  as  to  be  considerably  less  than  that  of  the  atmo- 
sphere. 

It  is  sometimes  required  to  collect  for  examination  the  un- 
eondenaable  elastic  fluids  evolved  during  distillation,  besides 
^  Hqnid  reanlt* ;  the  object  in  such  cases  is  readily  attained 
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by  bending  the  delivering-tube  of  the  third  bottle  into  a  curve, 
and  bringing  it  under  the  shelf  of  the  hydro-pneumatic  or  the 
mercurio-pneumatic  trough ;  when  the  operation  is  conducted 
on  a  small  scale,  the  receiver  may  be  made  out  of  a  piece  of 
tube,  bent  in  the  manner  represented  in  Fig.  33 ;  the  distillation 
is  conducted  precisely  in  the  same  manner  as  with  an  ordinary 
retort  and  receiver. 

The  apparatus  required  for  sublimation  may  be  tubes,  flasks, 

retorts,  caosules,  or  cru- 
cibles. When  no  great 
heat  is  required,  as  with 
camphor^  naphikdHne^  io^ 
dine,  etc.,  the  alembic  may 
be  used  with  advantage. 
For  substances  requirinir 
a  higher  tempe^tat^ 
^'  ^'  such  as  calomel,  cinnalHir, 

etc.,  Florence  flasks,  bedded  and  heated  in  Band  and  provided 
with  bent  tubes,  tightly  luted,  for  conveying  the  volatile  pro- 
ducts into  other  flasks  for  condensation,  are  exceedingly  useful. 
Many  substances  may  be  conveniently  and  simply  purified  by 
placing  them  in  a  dish  or  pan,  the  mouth  of  wnich  is  covered 
with  coarse  flltering-paper  perforated  with  holes,  and  over  the 
whole  a  cap  or  cone  of  stiff  paper,  secured  round  the  rim  of 
the  pan  by  twine  or  paste ;  heat  is  then  applied  to  the  dish,  the 
volatile  substance  rises  and  condenses  upon  the  inner  sur&ce 
of  the  cap,  its  mechanical  impurities  being  retained  by  the 
filtering-paper. 


v- 


CHAPTEE  11. 


ON  BEAaENTS. 


25.  Thoss  BubBtances  which  are  employed  by  the  chemist  to 
give  him  information  as  to  the  nature  of  the  subject  of  his 
examinations,  have  received  the  general  name  of  BeagenU ; 
tboofi^h  the  manner  in  which  thej  act,  and  the  phenomena  to 
vUch  thej  give  ris6,  are  exceedingly  varied.  These  bodies  are 
of  the  highest  importance  to  the  analyst ;  indeed  the  judicious 
QSB  of  them,  and  the  correct  interpretation  of  the  appearances 
presented  by  their  action,  constitute  the  skill  of  the  analytical 
chemist.  We  shall  here  describe  the  preparation  and  uses  of 
the  most  important  of  these  substances,  without,  however, 
uuiking  any  attempt  to  classify  them. 

The  reagents  to  which  we  shall  direct  attention  are  the  fol- 
lowing:— 


1*  Blue  litmus-paper. 
2.  Bed  litmus-paper. 
3*  Turmeric  paper. 
^  QeoT^nsi  paper. 

5.  Solution  of  indigo. 

6.  Starch  paste. 

7.  Lead  paper. 

8.  Sulphuric  acid. 

9.  Nitric  acid. 

10.  Hydrochloric  acid. 

11.  Nitro-muriatic  acid  (aqua 

regia). 

12.  Acetic  acid. 
IB.  Oxalic  acid. 

14.  Tartaric  acid. 

15.  Hydrate  of  Fotassa. 


16.  Carbonate  of  potassa. 

17.  Carbonate  of  soda. 

18.  Ammonia. 

19.  Sesquicarbonate    of    am- 

monia. 

20.  Chloride  of  ammonium. 

21.  Sulphide    of  ammonium 

(hifdroiulphwet  of  am- 
mania), 

22.  Sulphide  of  potassium. 

23.  Oxalate  of  ammonia. 

24.  Hydrosulphuric  acid  (tuU 

phuretted  hydrogen) . 

25.  Perrocyanide    of    potas- 

sium. 

26.  Feiridcyanideofpotassium 
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27.  Chromate  of  potassa. 

28.  Sulphate  of  potassa. 

29.  Bisulphate  of  potassa. 

80.  Cream  of  tartar. 

81.  Cyanide  of  potassium. 

82.  Antimoniate  of  potassa. 

83.  Caustic  baryta  (solution) . 

84.  Chloride  of  barium. 

85.  Nitrate  of  baryta. 

86.  Phosphate  of  soda. 

87.  Phosphate   of   soda   and 

ammonia  (microcosmic 
salt). 

88.  Nitrate  of  potassa. 

89.  Biborate  oi  soda  (borax). 

40.  Nitrate  of  silver. 

41.  Ammonio-nitrate  of  silver. 

42.  Sulphate  of  copper. 
48.  Iodide  of  potassium. 


44.  Acetate  of  lead. 

45.  Basic  acetate  of  lead. 

46.  Protosulphate  of  iron. 

47.  Lime  water. 

48.  Sulphate  of  lime. 

49.  Chloride  of  calcium. 

50.  Protochloride  of  tin. 

51.  Bichloride  of  platinum. 

52.  Sesquichloride  of  iron. 

53.  Sulphurous  acid. 

54.  Hydrofluosilicic  aeid. 

55.  Chlorine  water. 

56.  Chloride  of  mercury. 

57.  Subnitrate  of  mercury. 

58.  Molybdate  of  ammonia. 

59.  Protonitrate  of  cobalt. 

60.  Distilled  water. 

61.  Alcohol. 

62.  Ether. 


(1.)  LUmu9  Faper, — ^This  is  an  exceedingly  delicate  test  of 
the  presence  of  an  acid ;  it  is  most  conveniently  prepared  bj 
dipping  thin  unsized  paper  into  an  infusion  of  toe  colouring 
principle  in  hot  water  until  it  acquires  a  full  blue  colour.  The 
paper  is  dried  by  exposure  to  the  air,  and  kept  carefully  pro- 
tected from  the  Ugtit,  which  injures  and  finally  destroys  the 
colour.  The  blue  colour  of  this  paper  is  instantly  changed  red 
by  contact  with  a  fluid  having  an  acid  reaction. 

(2.)  Bed  LUmu8  Paper. — This  is  a  valuable  test  of  the  pre- 
sence of  an  alkali.  To  prepare  it,  a  few  drops  of  hydrochloric 
acid  are  mixed  with  a  lar^  quantity  of 'water,  and  the  blue 
paper  immersed  in  it  until  it  becomes  slightly  reddened :  it  is 
then  removed  and  dried  for  use.  The  blue  colour  is  restored 
by  contact  with  an  alkali. 

(8.)  Turmerie  Paper, — ^This  is  prepared  in  the  same  man- 
ner as  litmus  paper ;  it  should  have  a  fine  yellow  colour ;  it  in- 
dicates the  presence  of  an  alkali  by  changing  to  a  red  brown. 

(4.)  Georgina  Paper, — This,  when  properly  prepared,  is  an 
excellent  test  of  both  acids  and  alkalies ;  by  the  former  it  is 
coloured  red,  and  by  the  latter  green.  It  is  prepared  by  dipping 
paper  into  the  coloured  infusion  of  the  petals  of  the  C^eargina 
pu/rpv/rea^  and  should  have  a  fine  violet  colour. 

(5.)  Salutum  of  Indigo, — Commerciid  indigo  is  digested  in 
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eoncentrated  sulphuric  acid,  and  the  solution  diluted  with  water 
till  it  18  just  distinotly  blue.  It  is  an  excellent  test  for  nitric 
add,  which,  aided  by  heat,  discharges  the  colour. 

(6.)  Starch  Paste, — Common  arrowroot  starch  is  rubbed 
vith  cold  water,  and  boiling  water  then  added  until  a  thin 
raste  is  formed.  It  is  an  invaluable  test  for  free  iodine ;  when 
nought  into  contact  with  which,  an  intense  blue  compound  is 
formed. 

(7.)  Lead  Paper, — Paper  is  saturated  with  a  strong  solu- 
tion of  basic  acetate  of  lead,  cut  into  strips  and  dried.  It 
forms  an  extremely  delicate  test  of  the  presence  of  sulphuretted 
hydrogen,  which  instantly  communicates  to  it  a  deep  brown- 
bkck  colour. 

(8.)  Sulphuric  Acid,  H  0, 8  O^.—The  commercial  oil  of  ritriol 
ahrejs  contains  sulphate  of  lead,  sometimes  also  nitric  acid, 
inenic,  and  tin.  Tne  first  of  these  impurities  is  remored  bj 
dilating  the  acid  with  water;  a  turbidity  indicates  sulphate  of 
lad,  which  is  insoluble  in  the  diluted  acid.  Nitric  acid  is  in- 
diciied  bj  the  blue  colour  of  solution  of  indigo  being  dis- 
diaiged  when  boiled  with  the  acid.  Arsenic  is  indicated  by 
psadnff  a  stream  of  sulphuretted  hydrogen  through  the  clear 
difaitea  acid ;  a  yellow  precipitate  is  formed :  if  the  precipitate 
be  brown,  it  inaicates  tin.  Erom  all  these  impurities  it  may 
be  freed  by  distillation ;  the  first  portions  being  rejected,  and 
not  more  than  three-fourths  of  the  acid  in  the  retort  drawn 
OTer ;  for  almost  eyery  oualitatiTe  operation  the  commercial 
add  may  be  employed.  Stdphuric  ,acid  is  of  the  most  exten- 
nre  use  to  the  chemist,  from  its  strong  lenity  for  bases.  It 
fibeiates  most  other  adds  from  their  combinations ;  and,  from 
its  powerful  affinity  for  water,  it  effects  remarkable  changes  in 
many  substances  in  which  the  elements  of  that  fluid  exist.  It 
is  a  powerful  oxidizing  agent,  and  in  a  diluted  state  it  serves 
as  a  test  for  barium,  strontitim,  and  lead. 

(9.)  NUric  Acid,  HCNOg.— This  acid,  the  aqua-fortis  of 
commerce,  is  prepared  by  distilling  eqiial  weights  of  oil  of 
vitiiol  and  nitre.  It  frequently  contains  sulphuric  and  hydro- 
cbloric  acids,  from  which  it  may  be  freed,  by  adding  nitrate  of 
drer  as  long  as  a  precipitation  takes  place,  and  then  redistil- 
Img.  This  operation  may,  however,  be  avoided,  if  in  the  ori- 
ginal preparation  of  the  acid  the  first  portions,  about  one- 
tenth  or  one-eighth  of  the  whole,  be  coUected  in  a  separate 
noetver;  these  portions  will  contain  all  the  impurities,  and 
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the  remainder  will  be  qaite  pure.  Nitric  acid  is  used  as  a 
solyent  for  metals,  sulphides,  etc.,  and  as  a  powerful  oxidizing 
agent. 

(10.)  Sydrochlorie  Acid,  HCl. — The  muriatic  acid  of  com- 
merce is  not  sufficiently  pure  for  analytical  purposes.  It  con* 
tains  sulphuric  acid  and  iron,  sometimes  also  sulphurous  acid, 
chlorine,  and  arsenic.  It  is  best  prepared  by  the  following  pro- 
cess of  Gregory  : — Six  parts  by  weignt  of  pure  common  salt  are 
introduced  into  a  flask,  and  gently  heated  with  a  cool  mixture 
of  ten  parts  by  weight  of  oil  of  vitriol  and  four  parts  of  water. 
The  gas  is  conducted  into  a  flask  containing  a  quantity  of  dis- 
tiUed  water,  equal  in  weight  to  the  salt,  and  surrounded  with 
water  in  which  lumps  of  ice  are  floating.  The  tube  delivering 
the  gas  must  dip  about  one-eighth  of  an  inch  into  the  water  in 
the  bottle ;  the  process  takes  about  two  hours,  and  the  add  ob- 
tained is  quite  pure  and  colourless. 

Hydrochloric  acid  is  very  extensively  used  as  a  solvent,  and 
for  the  detection  of  silver,  mercury,  and  lead. 

(11.)  Nitrihmuriatie  Acid,  or  Aqua  Begia, — This  acid  is  pre- 
pared by  adding  nitric  acid  to  twice  or  thrice  its  volume  of 
strong  hydrochloric  acid ;  both  acids  undergo  decomposition, 
hyponitric  acid,  chlorine,  and  water  being  formed.  W  hen  the 
liquid  is  satiurated  with  chlorine,  this  mutual  decomposition 
ceases ;  but  it  recommences  on  the  removal  of  the  chlorine 
either  by  heat  or  by  its  combination  with  some  other  substance. 
Aqua  regia  is  consequently  the  most  powerful  of  solvents  :  its 
principal  use  in  analytical  chemistry  is  for  dissolving  gold  and 
platinum,  and  for  decomposing  certain  metallic  sulphides. 

(12.)  Acetic  Acid,  HOyC^H^Og. — The  acetic  acid  of  com- 
merce frequently  contains  traces  of  sulphuric  acid,  but  it  may 
be  obtained  sufficiently  pure  for  most  analytical  operations. 
If  required  quite  free  from  all  impurities,  it  is  most  conveni- 
ently prepared  by  distilling  a  mixture  of  ten  parts  of  neutral 
acetate  of  lead  with  three  of  sulphate  of  soda,  in  a  retort,  with 
a  cooled  mixture  of  two  and  a  half  parts  of  siilphuric  acid,  and 
an  equal  weight  of  water :  the  distillation  is  continued  to  dry- 
ness. The  acid  thus  obtained  leaves  no  residue  on  evaporation, 
Aoetic  acid  is  employed  as  a  solvent,  and  for  acidifying  li- 
quids in  the  place  of  the  mineral  acids. 

(13.)  Oxalic  Addy  H  0,0303. — ^The  eommeroial  acid  is  pu- 
rified by  two  or  three  recrystaUizations.  It  should  leave  no  re* 
sidue  on  ignition.    It  is  employed  as  a  precipitant  of  certain 
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BobitaiLces,  particularly  calcium,  for  the  detection  of  which  it 
is  a  rery  yaluable  reagent.  All  the  oxalates  are  soluble  in  the 
Btronger  acids. 

(U.)  Tartaric  Acid,  2HO,C4H80io— The  commercial  acid 
u  Boffieiently  pure :  well-definea  crystals  should  be  selected. 
It  should  be  Kept  in  powder,  as  its  solution  decomposes  by 
keeping.  It  is  employed  to  prevent  the  precipitation  of  cer- 
tain metallic  oxides  by  alkalies,  and  as  a  test  for  potassium. 

(14)  Hydrate  of  Potana,  KO,HO.— The  best  method  of 
preparing  this  valuable  reagent  is  to  dissolve  two  parts  of  pure 
carDonate  of  potassa  in  twenty  parts  of  boiling  water  in  an 
iron  poty  and  to  add  in  small  portions  at  a  time,  to  the  boiling 
liquio,  cream  of  lime  (made  by  slaking  one  part  of  quicklime 
with  boiling  water  );  after  boiling  a  few  minutes,  the  vessel  is 
covered  and  allowed  to  stand  for  twenty-four  hours ;  the  clear 
liquid  is  then  decanted.  To  obtain  the  potassa  in  the  solid 
state,  the  liquid  is  evaporated  to  an  oily  consistence  in  a  silver 
baaiD,  poured  out  on  a  silver  dish,  and  allowed  to  cool ;  it  is 
then  broken  into  fragments  and  preserved  in  well-stoppered 
bottl^k  Schubert  recommends  the  following  simple  method  of 
preparing  a  solution  of  pure  potash : — Add  a  hot  solution  of 
k^ate  of  baryta  to  a  solution  of  sulphate  of  potassa  until  the 
liquid  gives  no  further  precipitate  either  with  baryta  or  with 
sulphate  of  potassa. 

The  uses  of  potassa  in  analytical  chemistry  are  very  numer- 
ous ; — as  a  precipitant ;  as  a  solvent ;  as  a  means  of  separating 
certain  oxides  from  others  *,  and  as  a  test  for  ammonia,  which, 
aided  by  heat,  it  expels  from  all  its  salts. 

(L6.)  Carbonate  of  Potassa,  KO.COs.— This  salt  is  best 
prepared  by  calcining  pure  cream  of  tartar :  the  incinerated 
mass  is  boiled  in  distilled  water,  filtered,  and  the  clear  liquid 
evaporated  to  dryness  in  a  clean  iron  vessel,  with  constant 
stiiring  towards  the  end  of  the  process ;  the  dried  mass  must 
be  kept  in  a  well-stoppered  bottle,  and  one  part  dissolved  in 
fire  or  six  of  distilled  water  for  use.  The  carbonate  of  potassa 
of  commerce  usually  contains  alkaline  sulphates  and  chlorides, 
alumina  and  silica.  Carbonate  of  potassa  is  extensively  em- 
ployed as  a  precipitant,  and  for  the  decomposition  of  many  in- 
soluble salts,  particularly  organic,  with  metallic  bases. 

(17.)  Carbonate  qf  Soda,  NaO,C03.— This  salt  is  obtained 
pure  by  heating  the  best  bicarbonate  of  soda  of  commerce  for 
some  time  to  low  redness :  its  uses  are  the  same  as  those  of 
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carbonate  of  potassa.  It  is  an  indispensable  reagent  in  blow- 
pipe operations ; — as  a  flux ;  as  a  solvent ;  and  as  a  deoompos- 
ing  agent.  Its  solution  should  not  be  discoloured  by  sulphide 
of  ammonium,  when  neutralif.ed  with  hydrochloric  acid  it  should 
give  no  turbidity  with  chloride  of  barium,  and  when  evaporated 
to  drimess  with  hydrochloric  acid  the  residue  should  dissolye 
completely  in  water. 

(18.)  Ammonia,  NH3. — Sal-ammoniac  is  mixed  with  an  equal 
weight  of  slaked  lime,  a  little  water  added,  and  the  mixture 
heated  in  a  stoppered  retort.  The  disenfi;aged  gas  is  first  al- 
lowed to  pass  tnrough  a  small  quantity  of  water  in  a  wash-bot- 
tle, and  from  thence  into  another  bottle  nearly  filled  with  dis- 
tilled water  immersed  in  a  vessel  containing  ice-cold  water ; 
this  bottle,  for  belter  security  against  sudden  absorption,  may 
be  furnished  with  a  safety  tube.  The  water  will  absorb  670 
times  its  bulk  of  the  gas,  and  become  possessed  of  all  its  che- 
mical properties  in  a  very  high  degree.  It  should  be  kept  in 
small  well-stoppered  bottles,  and  not  ip  one  large  one,  as  every 
time  it  is  exposed  to  the  air  it  absorbs  a  certain  quantity  of 
carbonic  acid,  its  freedom  from  which  is  proved  by  its  not 
rendering  lime-water  turbid.  Ammonia  is  in  constant  use  for 
neutralising  acids,  its  peculiar  fitness  for  which  consists  in 
its  not  introducing  any  fixed  matter ;  for  precipitatinginsolu- 
ble  bases ;  and  for  separating  them  from  each  other.  The  am- 
monia of  commerce  is  generally  pure.  It  should  give  no  tur- 
bidity with  chloride  of  calcium,  or  with  oxalate  of  ammonia, 
nor  with  nitrate  of  silver,  when  neutralized  with  nitric  acid, 
and  when  evaporated  should  leave  no  residue. 

(19.)  Sefquicarbonate  of  Ammonia,  2^HJdfiC0^. — The 
sesquicarbonate  of  ammonia  of  commerce  is  dissolved  m  four 
parts  of  distilled  water,  and  one  of  liquor  of  ammonia  added. 
The  solution  when  evaporated  should  leave  no  residue.  This 
reagent  is  employed  as  a  precipitant,  and  is  very  useful  as  a 
substitute  for  carbonate  of  potass,  in  cases  where  the  intro- 
duction of  a  fixed  base  would  be  inconvenient.  It  is  of 
special  use  in  the  separation  of  calcium,  barium,  and  strontium 
from  magnesium,  the  latter  not  being  precipitated  in  the  pre- 
sence of  ammoniacal  salts. 

(20.)  Chloride  of  Ammonium,  NH^Cl. — Sal-ammoniac  of 
commerce  is  purified  by  two  or  three  recrystalUzations.  Its 
solution  in  water  should  be  neutral,  and  hydrosulphuret  of 
ammonia  should  not  discolour  it :  it  should  volatilize  entirely 
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wben  kftted  on  platinum  foil.  The  aalt  ehonld  be  dissolyed 
for  086  in  eight  parts  of  distilled  water.  It  is  of  great  use  in 
tuttljns  as  a  precipitant  of  yarious  substances  soluble  in  po- 
tifln,  but  insoluble  in  ammonia,  and  for  keeping  in  solution 
oertam  oxidra  or  salts  when  others  are  precipitatcMibj  ammonia 
or  other  reagents. 

(21.)  Sulphide  of  Ammonium,  NH^S  (SjfdrotulphuretofAm' 
iiMM).— This  reagent  is  prepared  by  transmitting  sulphuretted 
lijdrogen  gas  through  solution  of  ammonia,  till  the  liquid  gives 
no  precipitate  with  sulphate  of  magnesia.  It  mujst  be  kept  in 
well-stoppered  bottles  free  from  IoimL  When  first  prepared,  it 
contains  excess  of  sulphuretted  hydrogen,  is  nearly  colourless, 
and  does  not  giye  a  precipitate  of  sulphur  when  mixed  with  an 
ttid;  but  by  exposure  to  the  air  it  gradually  absorbs  ozye^en, 
ind  assumes  a  yellow  tint  from  the  presence  of  excess  of  sulphur, 
of  which  element  it  now  yields  a  precipitate  on  the  addition  of 
an  acid.  It  is  necessary  to  bear  in  mind  these  facts.  Sulphide 
of  ammonium  is  of  great  use  for  subdividing  into  two  groups 
those  metals  which  are  precipitated  as  sulphides  by  sulphu- 
letted  hydrogen,  from  their  acid  solutions;  some  of  tnese 
nlphides  being  soluble,  others  insoluble  in  siilphide  of  ammo- 
mam.  It  also  subdivides  into  groups  those  metals  that  are 
not  precipitated  by  sulphuretted  hydrogen  from  their  acid 
aolations ;  some  of  these  metals  being  precipitated  by  sulphide 
of  amimonium,  while  others  remain  in  solution :  it  likewise 
precipitates  certain  oxides  as  hydrates  by  the  action  of  its  am- 
nMmia  alone,  and  certain  salts  that  are  dissolved  only  in  free 
adds. 

(22.)  Sulphide  of  Potasnum,  KS5. — This  reagent  is  easily 
prepared  by  transmitting  a  stream  of  sulphuretted  hydrogen 
^tough  a  solution  of  caustic  potassa  as  long  as  the  gas  is 
thaorbed,  and  then  mixing  the  saturated  solution  with  an  equal 
volume  of  the  same  caustic  potassa. 

(23.)  Oxalate  of  Ammonia,  N  1140,0203. — This  reagent  is 
Prepared  by  slightly  supersaturating  a  solution  of  pure  oxalic 
>aa  with  carbonate  of  ammonia,  and  crystallizing :  one  part  of 
^  aalt  is  dissolved  in  twenty  or  twenty-four  parts  ot  water 
for  use ;  it  is  employed  for  the  detection  and  precipitation  of 
bne,  and  is  more  convenient  than  oxalic  aci(i^  as  its  solution 
if^  not  decompose  by  keeping. 

(24.)  Hydrosulphurie  Acid,  HS  (Sulphuretted  Sydrogen). — 
Fragments  of  protomlphide  of  iron  are  covered  with  water  in  a 
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gu  evolution  apparatus  ooimected  with  a  waafa-bottle :  sulphuric 
acid  ie  poured  into  the  apparatus  through  a  tube  funnel,  and 
the  evolved  gas  ia  received  into  a  bottle  containing  air-free  dia- 
tilled  water.  The  gas  should  not  be  allowed  to  pass  too  rapidly, 
as  in  that  case  much  escapes  absorption  aud  passes  into  the  at- 
mosphere, diffusing  a  most  unpleasant  odour,  to  guard  against 
which  the  operations  should  be  performed  in  a  place  that  is  pro- 

Krlv  ventilated.     The  solution  should  be  kept  m  well-stopped 
ttles.  Hydrosulpburic  acid  is  a  reliable  reagent  for  separating 
metals  into  groups,  and  also  as  a  means  of  reduction. 

Fig.  34  represents  the  arrangement  generally  employed  for 
piuuring  a  current  of  hydroaulphuric  acid  gas  through  a  solution, 
a  is  a  wide-mouthed  bottle, 
containing  water  and  small 
lumps  of  protosulphide  of 
iron.  It  la  closed  with  a 
giood  sound  cork  or  tight-fit- 
ting caoutchouc  cap,  through 
which  are  inserted,  perfectly 
air-tight,  two  tubes,  one  sur- 
mounted by  a  funnel,  the 
other  bent  at  right  angles 
and  joined  by  a  connector 
of  caoutcbouo  witb  a  third 
tube  also  bent  at  right  an- 

K'  «,  and  which  passes  to  the 
ttom  of  the  bottle,  b,  con- 
taining water.  Through  the 
cork  with  which  this  second 
bottle  is  closed,  or  through 
one  of  the  apertures  in  its 
caoutchouc  cap,  a  stout  tube, 
o,  passes,  this  tube  ia  bent 
twice  at  right  angles ;  the 
deliveriiig-tube,  d,  slightly 
curved  at  one  end,  is  connected  with  the  tube  e  by  means  of 
a  good  sound  cork.  \Vhen  this  apparatus  is  about  to  be  used  for 
transmitting  a  stream  of  sulphuretted  hydrogen  gas  through  a 
liquid,  the  solution  to  be  operated  upon  is  placed  in  a  tall  jar,  and 
the  tube  d  being  immersed  in  it,  it  is  united  by  ita  cork  with 
the  tube  o;  sulphuric  acid  is  now  poured  into  d  through  the 
fiiunel,  the  gas  is  immediately  evolved,  and  in  passing  through 
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the  nter  in  b,  which  should  be  q^uito  cold,  it  beoomea  wuhed, 
udtbua  pavMB  in  a  Btate  of  puntr^  into  the  solution.  Soine- 
tUBCi,  when  the  evolution  of  gas  u  too  rapid,  portions  of  buI- 
pUile  of  iron  and  of  sulphuric  acid  are  carried  forward  with  it ; 
Doth  are  howerer  retained  in  the  wash'bottle  h.  "When  the  solu- 
W  has  become  thoroughly  saturated  with  the  gas,  the  deliver- 
mg-tube  d  is  remOTed,  and, 

•fter  being  rinsed  out,  or,  if  ^  JC^ 

Mceisaiy.cleanedwithaBinall  J  ia 

festher,  it  ia  fit  for  another  rf  Tw 

operation.  ^fj  "^ 

The  constant  use  of  this 

important  reagent  in  the  la- 

boratorj  renders  it  very  do- 

■iiable  to  have  a  supplr  of 

itilwajs  atcoinmand.  Many 

farms  of  apparatus  hare  been 

deriied  for  this  purpose,  but 

that  by  £ipp,  represented  in 

I'ig'  35,  seems  on  the  vholo 

the  best.  It  is  thus  described 

by  Mr.   Griffin,   ('Chemical 

Becreations,'  p.  617) ;— It  is 

formed    of   glass,  about   six 

times  the  size  of  the  figure;. 

thatiBto  say,  the  largest  globe 

la  about  six  inches  m  diame- 
ter, and  the  whole  apparatus 

ii  about  eighteen  inches  high. 

The  funnel-shaped  neck  of  the 

uppermost  globe  is  ground  to 

fit  the  neck  e  air-tight,  but  ^'^ 

it  passes  loosely  through  the 

neck  a,  wbere  a  loose  collar  of 

eaontcLouc  is  put  about  it  to 

prerent  the  falling  of  small  lumps  of  sulphide  of  iron  from  the 

middle  globe  down  to  the  lowermost  globe.   The  middle  globe  is 

•bout  half  filled  with  lumps  of  sulphide  of  iron,  in  the  largest 

{^ces  that  will  pass  through  the  neckij,  which  is  then  to  be  closed 

*ith  a  sound  cork  carrying  a  glass  stopcock,  and  that  carrying  a 

cxnttchouc  tube  terminating  with  a  glass  gas-deliveriag  tube. 

The  charge  of  sulphide  of  iron  being  put  in,  the  decouposing 
ruT  I.  B 


Fig.  35. 
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acid,  conaiatJDg  of  one  part  of  oil  of  vitriol  mixed  with  six  or  eight 
parts  of  water,  is  to  be  poured  into  the  uppermoBt  Elobe,  from 
which  it  passes  down  ioto  the  lowermost  globe,  and  thence  up 
into  the  middle  globe,  the  stopcock  being  opened  to  let  out  the 
atmospheric  air.  Hydrosulphuric  acid  gas  is  immediately  gene- 
rated, and  BB  much  of  it  ia  allowed  to  escape  as  serves  to  sweep 
the  atmoapheric  air  completely  out  of  the  apparatus.  The  stop- 
cock is  then  closed,  and  the  apparatus  ii  ready  for  use.  The 
quantitif  of  gas  delivered  depends  upon  the  arrangement  of  the 
stopcock.  It  can  be  delivered  in  single  bubbles  slowly,  or  iji  a 
rapid  current.  The  delivery  pipe  is  made  short  or  long,  acoord- 
ing  to  the  depth  of  liquor  into  which  it  ia  to  pass.    It  must  of 


Fig.  S6. 

course  be  changed  for  every  experiment.  The  siphon  at  the 
top  of  the  apparatus  must  contain  so  much  water  as  to  allow 
atmospheric  air  to  pass  either  way  into  or  out  of  the  apparatus, 
according  as  the  stopcock  is  open  or  closed.  If  any  sulphide 
of  iron  falls  into  the  globe  b,  it  makes  a  constant  disengagement 
of  gaa,  which,  if  not  observed,  may  drive  so  much  acid  up  into 
the  uppermost  globe  aa  to  cause  an  overflow  to  take  place.  It 
ia  proper,  therefore,  that  this  apparatus  should  always  stand  in. 
a  stoneware  pan,  to  catch  any  acid  that  may  overflow.  When, 
the  apparatus  requires  cleaning  or  the  sulphide  of  iron  needs 
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wasbiog,  the  acid  can  be  poured  off  throagh  the  stoppered  neck 
in  the  lowest  globe. 

In  Pig.  36  is  represented  Mobr's  apparatus  for  a  constant 
iopply  of  a  saturated  solution  of  sulphuretted  hydrogen.*    It 
not  only  seryes  to  prepare  a  solution  of  the  gas  without  con- 
tact with  atmospheric  air,  but  to  preserve  it  in  that  condition, 
and  yet  to  afford  a  supply  of  the  solution  either  in  drops  or 
in  otumtity,  readily  ana  conveniently.    The  Woulff's  bottle,  a, 
is  filled  with  air-iree  distilled  water ;  h  e  i»  an  apparatus  for 
preparing  hydrosulphuric  acid  gas ;  the  jar  b  contains  dilute 
nilphuric  acid ;  the  flask  c  contains  lumps  of  sulphide  of  iron. 
The  bottom  of  the  flask  is  cut  out,  and  replaced  by  a  perforated 
plate  of  lead,  upon  which  the  sulphide  of  iron  rests  at  about 
three-quarters  of  an  inch  from  the  cut  bottom-edge  of  the 
fiank.    To  set  this  apparatus  in  action,  the  vessels  a,  h,  and  c, 
having  received  their  respective  charges,  the  cork  which  fixes 
the  siphon  d  in  the  bottle  a  is  loosened,  and  the  apparatus 
heing  then  placed  together,  the  gas  is  produced,  and  gradually 
drives  out  the  atmospheric  air  from  the  vessels  c  and  a.    The 
nphon  cork  is  then  fixed,  and  sulphuretted  hydrogen  gas  is 
produced  in  e  and  absorbed  by  the  water  in  a,  until  the  latter 
IB  saturated.     The  acid  then  descends  from  the  flask  e  into  the 
jar  &,  and  the  operation  stops.     The  siphon  diB  terminated 
outside  by  a  glass  delivery-tube  attached  by  a  caoutchouc  con- 
nector and  a  pinchcock.    Whenever  the  sulphuretted  hydrogen 
irater  is  required,  the  pinchcock  is  opened,  a  little  liquor  run 
off  to  waste  to  clean  the  end  of  the  delivery  tube,  andt  then  as 
much  liquor  is  run  out  as  the  experiment  requires.    To  supply 
the  vacuum  thus  produced  in  the  bottle  a,  the  atmospheric  air 
pressing  upon  the  liquor  in  the  jar  b,  drives  it  up  into  the 
ftttk  c,  and  causes  the  production  of  as  much  hydrosulphuric 
add  gas  as  is  required  to  make  up  the  quantity  run  off  by  the 
siplKm  J. .   When  the  liquor  of  the  bottle  d  is  exhausted,  a 
fresh  supply  of  cold  air-free  distilled  water  is  put  into  the 
hottle  by  the  siphon  neck,  and  the  process  of  saturation  goes 
on  afresh.     The  corks  of  this  apparatus  should  be  coated  with 
a  mixture  of  fat  and  wax,  to  make  them  air-tight. 

(25.)  J^lerrocyanide of  FotasMPum^KzFeCj^;  or  KgCfy. — The 
commercial  yellow  prussiate  of  potassa  is  sufficiently  pure  for 
saalytical  purposes ;  one  part  is  dissolved  for  use  in  ten  or 

*  Mohr^s  *  Commentar  xur  PreuBsiBchen  Phannacopceia,'  and  Grii&n*s 
'  Chemioal  BecreationB.* 
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twelve  parts  of  water.   It  is  of  especial  use  for  the  detection  of 
tesquioaide  of  iron  and  oxide  of  copper, 

(26.)  Ferridcyanide  ofFokfsHum,  KsFegCy^;  or  KjCfdy.— 
This  reagent  is  prepared  hy  transmitting  a  stream  of  chlorine 

fas  through  a  solution  of  the  above  salt  until  it  ceases  to  pro- 
uce  a  blue  precipitate,  with  a  solution  of  sesquichloride  of 
iron.  Its  crystals  have  a  magnificent  red  colour ;  to  procure 
them,  the  solution  is  concentrated  by  evaporation,  and  rendered 
feebly  alkaline  by  carbonate  of  potassa.  This  reagent  serves 
to  detect  protoxide  of  iron  by  the  formation  of  a  characteristic 
blue  precipitate. 

(27.)  Ghromate  ofFotaua^  KOjCrOj. — Bichromate  of  potash 
of  commerce  is  dissolved  in  water,  and  carbonate  of  potash 
added  till  the  solution  reacts  slightly  alkaline ;  from  the  con- 
centrated liquid  yellow  crystals  may  be  obtained.  It  is  em- 
ployed principally  as  a  test  for  leady  with  which  it  forms  a  pig- 
ment known  as  chrome  yellow. 

(28.)  Sulphate  of  Potassa,  KOySOg.— The  salt  of  commerce 
is  purified  by  two  or  three  crystallizations,  and  dissolved  for 
use  in  ten  or  twelve  parts  of  water ;  it  is  used  for  the  detection 
and  separation  of  strontium  and  barium, 

(29.)  Bisulphate  of  Potassa,  K  O,  S  Oj ;  H  0,  S  O3.— This  is  the 
fusible  salt  remaining  when  nitrate  of  potash  is  decomposed  by 
two  equivalents  of  oil  of  vitriol  in  the  process  for  making  nitric 
acid ;  it  is  extensively  employed  in  blowpipe  operations ;  in 
solution  it  indicates  lithium,  boracic  acid,  nitric  acid,  hydro- 
fluoric acid,  bromine,  and  iodine,  and  separates  oxides  of  ha- 
rium  and  strontium  from  other  earths  and  metallic  oxides. 

(300  Bitartrate  of  Potassa,  KO,HO,C8H40io;  or  KO^ 
HO,T. — The  cream  of  tartar  of  commerce  is  sufficiently' 
pure;  it  is  useful  in  certain  cases  for  separating  metals  from 
each  other. 

(31.)  Cyanide  of  Potassium,  KCy. — Eight  parts  .of  roasted 
ferrocyanide  of  potassium  are  fused  at  a  bright  red-heat  in  a 
covered  crucible  with  three  parts  of  dry  carbonate  of  potassa ; 
the  fused  mass  is  poured  carefully  into  a  warm  dish,  and  when 
cold,  broken  into  fragments,  and  kept  in  a  well-closed  bottle  r 
it  must  not  be  kept  in  solution,  but  dissolved  as  required  in 
four  or  five  parts  of  water.     In  analysis,  its  most  important 
application  is  as  a  means  of  separating  cohalt  from  nickel.     Ab 
a  blowpipe  reagent  mixed  with  an  equal  weight  of  carbonate  of 
soda,  it  is  exceedingly  valuable  from  its  powerful  reducing 
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acti(m;  and  from  its  easy  fusibility  it  is  of  special  application 

in  the  reduction  of  arsenie, 
(32.)  Bimetantimomate  ofTotoMa^  2KO,SbOg. — A  mixture  * 

of  one  part  of  crude  antimony  with  four  parts  of  powdered 

nitre  is  thrown,  a  little  at  a  time,  into  a  crucible  at  a  dull  red- 

lieat;  the  mass  is  kept  in  a  pasty  state,  with  occasional  stirring, 
for  about  half  an  hour,  after  which  it  is  cooled,  well  washed, 
snd  heated  to  bright  redness  for  half  an  hour,  with  two-thirds 
of  its  weight  of  pure  carbonate  of  potassa.  The  cooled  mass 
is  digested  with  about  fifty  parts  of  warm  water,  and  filtered 
for  use  when  cold.  It  should  not  contain  excess  of  alkali. 
Its  use  is  as  a  test  for  soda,  with  which,  provided  no  other 
base  be  present,  it  forms  a  very  sparingly  soluble  crystalline 
precipitate. 

(88.)  CmuHc  Baryta,  BaO,HO.»Sulphide  of  barium  is 
boiled  with  excess  of  oxide  of  copper  or  oxide  of  lead,  and 
filtered  when  the  liquid  gives  a  white  precipitate,  with  acetate 
of  lead :  it  is  then  diluted  with  water,  and  preserved  iu  well- 
dosed  bottles.  Its  most  important  use  is  as  a  precipitant  of 
maonesia. 

(84.)  Chloride  ofBarUtm,  BaCl. — To  prepare  this  useful  re- 
agent, six  parts  of  heavy  spar  (sulphate  of  baryta)  are  exposed 
to  an  intense  red-heat,  with  a  mixture  of  one  part  of  powdered 
charcoal  and  one  and  a  half  of  fluor  spar ;  the  resulting 
sulphide  of  barium  is  boiled  with  slight  excess  of  hydrochloric 
acid,  filtered,  and  crystallized  two  or  three  times.  The  solution 
of  these  crystals  must  be  neutral  to  test-papers,  not  afiected 
bv  sulphuretted  hydrogen  or  sulphide  of  ammonium :  it  must, 
moreover,  leave  no  residue  when  mixed  with  excess  of  sul- 
phuric acid,  filtered  and  evaporated.  Its  most  important  use 
is  as  a  means  of  detecting  and  estimating  sulphuric  add. 
Fix)m  the  property  which  baryta  possesses  of  forming  soluble 
salts  with  some  acids,  and  insoluble  salts  with  others,  it  is  like- 
vise  a  valuable  reagent  for  distinguishing  one  group  of  acids 
from  another. 

(35.)  Nitrate  cf  Baryta,  BaO,N05. — Native  carbonate  of 
baryla  is  digested  with  dilute  nitric  acid,  the  solution  filtered 
and  crystallized  two  or  three  times.  Its  uses  and  applications 
are  the  same  as  those  of  chloride  of  barium. 

(86.)  Phosphate  ef  Soda,2^2kO,B.OJ^O^,~l!\i&  commercial 
salt  is  crystallized  and  dissolved  for  use  in  ten  or  twelve  parts 
of  water.    It  serves  as  t,  test  for  alkaline  earths  in  general,  but 


54  QUAUTATIVE    ANALYSIS. 

especially  for  the  detection  and  estimation  of  ma^esiaf  which 
it  precipitates  with  the  addition  of  ammonia  as  the  basic  phos- 
phate of  ammonia  and  magnesia. 

(37.)  Phosphate  of  Soda  and  Ammonia,  NaO.NH^O,?©^.— 
This  salt  (microcosmic  salt)  is  prepared  by  boiling  one  hondred 
parts  of  crystallized  phosphate  of  soda  with  sixteen  of  sal- 
ammoniac.  Chloride  of  sodium  separates,  and  the  liquid,  when 
filtered  and  evaporated,  yields  the  double  salt  in  fine  crystals. 
When  this  salt  is  heated  on  charcoal  or  platinum  wire,  it  loses 
water  and  ammonia,  metaphosphate  of  soda  being  formed,  which 
has  the  power  of  fusing  a  great  number  of  chemical  compounds. 
Heoce  its  great  use  as  a  blowpipe  reagent. 

(38.)  Nitrate  of  Fotassa^  KO,NOb.— The  nitre  of  commerce 
is  purified  by  repeated  crystallizations ;  its  solution  should 
give  no  precipitate  with  nitrate  of  silver,  or  chloride  of  barium : 
it  is  extensively  employed  as  an  oxidizing  agent. 

(39.)  Bihorate  of  Soda,  NaO,2B08— The  ^O'*^  o^  ^^' 
merce  is  purified  by  recrystallization.  It  should  be  exposed 
to  a  gentle  heat  in  a  platinum  crucible  till  it  no  longer  swells 
up;  it  is  then  powdered  and  kept  for  use.  When  heated 
on  the  ring  of  platinum  wire,  it  should  give  a  clear  trans- 
parent glass.  This  glass  possesses  the  property  of  dissolv* 
mg  most  metallic  oxides,  the  smallest  portions  of  which  com- 
municate to  it  a  colour;  hence  its  important  use  as  a  blow- 
pipe reagent. 

(4p.)  Nitrate  of  Silver,  AgOjNOg. — Standard  silver  is  dis- 
solved in  nitric  acid,  evaporated  to  dryness,  and  heated  till  all 
the  copper  present  is  converted  into  J)lack  oxide,  which  may  be 
known  oy  dissolving  a  portion  of  the  fused  salt  in  water  and 
adding  ammonia,  which  should  not  make  the  solution  blue.  The 
fused  mass  is  dissolved  in  water,  filtered  and  crystallized ;  the 
crystals  are  dissolved  for  use  in  fifteen  or  twenty  parts  of  dis- 
tilled water.  It  may  be  known  to  be  pure  by  the  filtrate  firom 
the  precipitate,  which  it  forms  with  excess  of  hydrochloric  acid, 
leaving  no  residue  when  evaporated  on  a  watch-glass.  It  is 
employed  for  arranging  acids  into  groups,  and  is  of  special  ap- 
plication in  testing  for,  and  estimating  hydrochlarie  acid, 

(41.)  Ammonio-NitraU  of  Silver. — ^Ammonia  is  dropped  into 
solution  of  nitrate  of  silver  till  the  precipitate  which  firat  forma 
is  nearly  redissolved.  It  is  employed  for  the  detection  of 
arsenic. 

(42.)  Sulphate  of  Copper,  GuO,  SO^. — Blue  vitriol  is  purified 
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bj  hro  or  three  crjBtallizations.  A  solutioii  of  one  part  of  this 
8Ut  mixed  with  two  and  a  quarter  parts  of  protosulpfaate  of 
iron,  is  employed  for  the  precipitation  of  hydrtodie  acidy  as  pro- 
tiodide  of  copper.  Ammonio-sulphate  of  copper,  prepared  in 
the  same  manner  as  the  corresponding  silver  salt,  is  also  em- 
ployed as  a  test  for  arsenic, 

(43.)  Iodide  ofPotauiumy  KI. — The  commercial  salt  is  tested 
&r  carbonate  of  potassa  by  treating  it  with  hot  alcohol,  in  which 
the  latter  salt  is  insoluble.  It  is  a  reagent  for  certain  metals, 
particularly  for  lead  and  mercury,  with  which  it  forms  charac- 
teristic precipitates. 

(M.)  Neutral  AcelaU  of  Lead,  PbCC^HjOs.— The  best 
sugar  of  lead  of  commerce  is  dissolved  in  ten  or  twelve  parts 
of  distilled  water ;  it  is  useful  for  arranging  acids  into  groups, 
and  for  the  special  detection  of  chromic  actd* 

(45.)  Bane  Acetate  of  Lead,  8  PbO,  C4  HgOj. — Seven  parts  of 
well-washed  Htharge  and  six  of  the  best  neutnd  acetate  of  lead 
are  gently  heated  and  agitated  with  thirty  parts  of  water  tiU 
the  sediment  has  become  perfectly  white ;  the  liquid  is  then  de^ 
canted  and  preserved  for  use  in  a  well-closed  bottle.  It  has  the 
same  applications  as  the  last-described  salt,  but  its  chief  use  is 
as  a  test  for  sulphuretted  hydrogen, 

(46.)  Frotosulphate  of  Iron,  reO,SOo. — Glean  iron  nails  are 
digested  with  dilute  sulphuric  acid  till  hydrogen  ceases  to  be 
evolved.  The  solution  is  filtered,  and  the  crystals  obtained 
washed  with  water  slightly  acidified  with  sulphuric  acid  and 
dried.  This  salt  is  a  powerful  deoxidizing  agent,  and  is  of  es- 
pecial application  as  a  test  for  nitric  acid.  It  also  precipitates 
fold  in  Ae  metallic  state,  and  forms  a  blue  compound  with 
ferridcyanide  of  potassium. 

(47.)  Lime  Water,  OaO,HO.— •Fresh  slaked  lime  is  agitated 
with  cold  water,  allowed  to  settle,  and  the  clear  fluid  preserved 
in  well-stopped  bottles.  It  serves  to  detect  carbonic  acid,  and 
as  a  means  of  distinguishing  certain  organic  acids. 

(48.)  Sulphate  of  Lime,  CaO,Sl)jj. — The  precipitate  formed 
on  adding  ciiloride  of  calcium  to  dilute  sulphuric  acid  is  well 
washed,  digested,  and  agitated  with  water,  and  the  fluid  Al- 
tered for  use.  It  is  employed  to  distinguish  between  calcium, 
itnmtiuvi,  and  barium. 

(49.)  Chloride  of  Calcium,  Ca  CI.— Pure  carbonate  of  lime  is 
dissolved  in  dilute  hydrochloric  acid,  the  solution  evaporated 
to  perfect  dryness,  and  the  residue  redissolved  in  aistilled 
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water.    It  must  be  perfectly  neutral.  It  is  of  great  use  for  the 
classification  of  organic  acias. 

(50.)  Frotoehloride  of  IHn,  SnCl. — Granulated  tin  is  boiled 
with  concentrated  hydrochloric  acid,  the  metal  being  in  excess ; 
it  is  then  diluted  with  four  or  five  times  its  quantity  of  water, 
slightly  acidulated  with  hydrochloric  acid,  ana  filtered.  It  must 
be  kept  in  well-closed  bottles  containing  fragments  of  metallic 
tin  to  preyent  the  protochloride  from  passing  into  the  state  of 
perchloride.  It  is  a  powerful  reducing  agent.  It  also  serves 
to  detect  mercury^  and,  when  mixed  with  nitrio  acid,  it  indi- 
cates the  presence  of  gold, 

(51.)  Bichloride  of  Platinum,  Ft  CI,.— The  solution  of  the 
metal  in  aqua  re^a  is  evaporated  to  dryness  on  the  water-bath, 
and  redissolved  in  eight  or  ten  parts  of  water.  It  is  of  great 
use  in  analytical  chemistry  for  the  detection  and  estimation  of 
potas9ium  and  ammonium, 

(52.)  Sesquichloride  of  Iron,  Ee^Clg. — Clean  iron  nails  ars 
digested  with  diluted  hydrochloric  acid ;  the  decanted  acid  li- 
quid is  then  boiled  with  successive  additions  of  nitric  acid,  in 
a  capacious  vessel,  till  all  effervescence  ceases,  and  till  it  no 
longer  tinges  solution  of  ferridcyanide  of  potassium  blue ;  it  is 
then  precipitated  with  excess  of  ammonia,  and  the  well- washed 
hydrated  peroxide  of  iron  is  heated  with  hydrochloric  acid,  care 
being  taken  that  it  is  not  all  dissolved,  it  being  necessary  that 
the  test  should  not  contain  excess  of  acid ;  it  is  then  filtered  for 
use.  It  is  employed  as  a  means  of  classifying  organic  acids,  and 
is  also  of  great  use  in  the  analysis  of  the  phosphates  of  the 
alkaline  earths. 

(53.)  Sulphurous  Acid,  SOg. — This  is  prepared  by  transmit- 
ting tne  gases  produced  by  the  action  of  six  parts  of  oil  of 
vitriol  on  one  part  of  charcoal  (carbonic  and  sulphurous  Acid 
gases)  through  ice-cold  water  till  no  more  is  absorbed.  It 
must  be  kept  in  well-closed  bottles,  and  should  always  sineU 
strongly  of  the  acid.  It  is  a  powerful  means  of  reduction ;  it 
precipitates  mercury  from  its  solution,  converts  chromic  acid 
into  oxide  of  chromium,  arsenic  acid  into  arsenious  acid,  etc. 

(54.)  JffydroJluoHHcic  Acid,  H F, Si F,.— Equal  weights  of 
a  mixture  of  powdered  fiuor  spar  and  quart£  are  gently  heated, 
in  a  retort,  with  oil  of  vitnol,  and  the  gas  evolved  passed 
into  water,  the  extremity  of  the  delivering  tube  dipping  into 
mercury  placed  at  the  bottom  of  the  jar,  in  ordfur  to  prevent 
the  tube  firom  becoming  choked  up  with  the  silicic  acid  which  is 
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Bredpitated  tbe  instant  the  gas  comes  into  contact  with  water. 
The  gelatinoQS  mass  is  fUtered  through  linen,  and  the  filtrate 
presrared  for  use.  Hydrofluosilicio  acid  forms  an  insoluble 
eompound  with  patasiium^  which  it  is  sometimes  employed  to 
i^Mrate  from  chloric  acid.  It  is  also  used  to  discriminate  be* 
tireen  barium  and  strontium^  with  the  former  of  which  it  forms 
A  eryvtalline  precipitate. 

(56.)  Chlorine  Water. — The  gas  evolved  by  heating  finely- 
powdered  peroxide  of  manganese  with  five  or  six  times  its 
vei^fat  of  hydrochloric  acid  is  conducted  into  cold  water, 
imfal  the  fluid  is  saturated.  It  must  be  kept  in  a  well-closed 
bottle  and  preserved  from  the  light.  It  is  employed  to  expel 
iodine  and  bromine  from  their  combinations. 

(56.)  Chloride  ofMerewry^  HgCl.~^The  corrosive  sublimate 
of  commerce  is  purified  by  crystallization,  and  dissolved  for  use 
in  twelve  or  fourteen  parts  of  water.  It  forms  characteristic 
ooloored  precipitates  with  certain  acids. 

(57.)  Bubnitrtste  of  Mercury  ^  HggO,N  O5. — One  ounce  of  pure 
nitric  acid  is  poured  on  one  ounce  of  mercury  and  allowea  to 
remain  for  twenty-four  hours  in  the  cold ;  the  crystals  formed 
are  dissolved  in  water  acidified  by  nitric  acid,  and  filtered.  A 
small  quantity  of  metallic  mercury  should  be  put  into  the  hot* 
tie  in  which  this  reagent  is  preserved. 

(58.)  Molubdate  of  Ammonia. — This  reagent,  which  is  used  as 
a  test  for  phosphoric  acid,  is  prepared  by  roasting  sulphide  of 
molybdenum  until  it  ceases  to  lib^te  sulphurous  acid,  and  be- 
Gomee  completely  converted  into  molybdic  acid,  which  while  hot 
ia  yellow,  but  white  when  cold.  It  is  digested  with  ammonia, 
filtered,  and  then  mixed  with  hydrochloric  acid  in  quantity  suf- 
ficient to  redissolve  the  precipitate  which  at  first  forms.  The 
solution  should  be  perfectly  colourless ;  if  it  has  a  yellow  tinge, 
it  indicates  the  presence  of  phoephorio  acid. 

(59.)  Proionitrate  of  Cobalt^  CoO,N06.— It  is  not  easy  to 
obtain  this  reagent  quite  pure,  though  for  blowpipe  experiments 
it  is  a  matter  of  great  consequence  that  it  should  be  so.  Fre- 
aanias  gives  the  following  directions  for  preparing  it :— an  in^ 
timate  mixture  of  two  parts  of  very  finely-powdered  cobalt^ 
&nr  parts  of  saltpetre,  one  part  of  effloresced  carbonate  of 
aoda,  and  one  part  of  drv  carbonate  of  potassa,  is  projected  in 
snail  portions  into  a  red-hot  crucible,  wnich  is  then  exposed  to 
the  strongest  possible  heat  till  the  mass  is  fusing ;  iwhen  cold 
it  is  leduced  to  powder,  boiled  with  water,  and  the  well-washed 
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mass  dissolved  ia  hjdrocbloric  acid;  the  gelatinous  maJBS  is 
carefully  evaporated  to  dryness  ;  the  residue  boiled  with  water, 
filtered,  and  .carbonate  of  ammonia  (carbonate  of  potassa  is 
better)  added  to  the  filtrate  while  kept  at  the  boiling  heat  till 
all  acid  reaction  ceases ;  the  filtered  solution  is  precipitated  by 
carbonate  of  potassa,  and  the  precipitate  obtained  washed  and 
dissolved  in  nitric  acid.  The  solution  is  evaporated  to  dryness 
at  a  gentle  heat,  and  one  part  of  the  residue  dissolved  in  ten 
parts  of  water  for  use.  Solution  of  nitrate  of  cobalt  is  em- 
ployed to  distinguish  certain  metals  in  the  oxidating  flame  of 
the  blowpipe.  Thus,  alumina  acquires  a  beautiful  pale  bine 
colour,  magnesia  a  rose-red  tint,  and  oxide  of  zinc  a  bright 
green.  A  few  drops  of  the  solution  are  placed  on  the  sub- 
stance  to  be  operated  upon  by  means  of  a  platinum  wire  or 
dropping  tube. 

(60.)  Dittilled  Water. — No  other  water  should  be  employed 
in  the  laboratory.  It  should  give  no  precipitate  or  even  tur* 
bidity  with  chloride  of  barium,  nitrate  of  silver,  oxalate  of 
ammonia,  or  lime  water,  and  should  leave  no  residue  on  eva- 
poration. 

(61.)  Alcohol,  CaHqOj. — Rectified  spirits  of  wine,  sp.  gr. 
about  '840,  are  sumciently  strong  for  most  purposes.  What  ia 
termed  absolute  alcohol,  and  which  is  sometimes  required,  is 
prepared  by  adding  carbonate  of  potassa,  that  has  recently  been 
exposed  to  a  red-heat,  to  ordinary  alcohol  until  it  ceases  to  dis-^ 
eolvc  any  more ;  the  whole  is  allowed  to  digest  for  twenty.foiir 
hours ;  the  liquid  is  then  poured  off,  mixed  with  a  sufficient 
quantity  of  quicklime  to  absorb  the  whole,  and  slowly  distiiled 
m>m  a  retort  on  a  water  bath  at  the  temperature  of  about  18(P ; 
it  is  then  obtained  of  a  sp.  gr.  of  *7947.  It  must  not  redden  blue 
litmus-paper,  and  must  volatilize  without  leaving  any  residue* 

(62.)  Ether y  C^HgO. — Sulphuric  ether  of  commerce  is  suffi- 
ciently strong  and  pure  for  all  purposes.  In  inorganic  analysis 
it  is  employed  to  detect  and  isolate  bromine. 

The  student  is  recommended  to  assure  himself  by  careful 
testing  of  the  purity  of  his  reagents ;  by  so  doing  he  may  no^ 
onlv  save  himself  from  much  subsequent  embarrassment,  but  be 
will  be  gaining  much  valuable  experience  in  qualitatiye  exa- 
minations. 
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CHAPTER  in. 

ON   THE  COMPOKTMBNT   OF  THE  PRINCIPAL  METALLIC 

OXIDES  WITH  REAGENTS. 

26.  By  means  of  certain  reagents  this  ezteDsi?e  class  of 
compounds  may  be  arranged  into  a  series  of  Groups ;  sopfie  of 
which,  again,  by  other  reagents,  may  be  subdivided  into  Sec- 
ttons,  the  whole  forming  a  very  convenient  classification : — 

Ghroup  I. — Metallic  oxides  not  precipitated  from  their  solu^ 
turns  by  hydroeulphurie  add^  hy  sulphide  of  ammonium^  or 
by  alkaline  carbonates^ 

The  Alkalies  proper,  viz.  oxide  of  potassiam  (potassa), 
oxide  of  sodium  (soda),  oxide  of  lithium  (lithia),  and 
oxide  of  ammonium  (ammonia), 

Qroup  II. — Metallic  oxides  not  precipitated  from  their  solu* 
iions  by  hydrosulphuric  acid,  but  precipitated  under  certain 
circumstances,  as  salts,  by  sulphide  of  ammonium,  and  preci- 
pitated by  the  alkaline  carbonates  as  carbonates. 

The  Alkaline  Earths,  viz.  oxide  of  barium  (baryta), 
oxide  of  strontium  (strontia),  oxide  of  calcium  (lime), 
and  oxide  of  magnesium  (magnesia).* 

Group  III. — Metallic  oxides  not  precipitated  by  hydrosul- 
phuric acid,  but  precipitated,  as  oxides,  by  sulphide  of  am- 
momwm. 

Oxides  of  aluminum,  glucinum,  chromium,  thorinum, 
yttrium,  cerium,  zirconium,  titanium,  and  tantalum. 

Group  IV. — Metallic  oxides  not  precipitated  from  their  add 

*  Oxide  of  maynenmm  is  not  precipitated  by  alkaline  carbonates  in  the 
pnaenoe  of  ammoniacal  salts ;  but  it  is  thrown  down  under  these  oircum- 
■tsnosB  by  phosphate  of  soda. 
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aohiHons  (y  hydrosidphurie  aeid^  hut  precipitated,  a»  etd- 
phidei,  by  sulphide  qfamm<mium : 

Oxides  of  zinc,  nickel,  cobalt,  and  iron,  protoxide  of 
manganese,  and  sesquiozide  of  uranium. 

Group  V. 
Section  A. — Metallic  oxides  precipitated  Jram  their  solu' 
tionsy  whether  acidf  alkaline,  or  neutral,  hy  hydrosulphurio 
acid. 

Oxides  of  lead,  silver,  mercury,  bismuth,  cadmium, 
copper,  palladium,  rhodium,  and  osmium. 

This  section  may  be  further  divided  into  two  sab- 
sections  by  the  comportment  of  its  members  with  hy- 
drochloric acid ;  oxide  of  silver,  and  suboxide  of  mercury, 
being  completely,  and  oxide  of  lead  partially,  precipitated 
by  that  reagent. 
Section  B. — Metallie  oxides  precipitated  firom  their  acid 
solutions  by  hydrosulphurio  acid,  but  not  precipitated  hy 
that  reagent  firom  their  alkaline  solutions,  their  sulphides 
being  soluble  in  alkaline  sulphides. 

Oxides  of  antimony,  arsenic,  tin,  platinum,  iridium, 
gold,  selenium,  tellurium,  tungsten,  vanadium,  and  mo- 
lybdenum. 

A  synoptical  view  of  the  comportment  of  the  principal 
metallic  oxides  with  the  general  reagents,  and  the  colours  of 
the  precipitates  occasioned  thereby,  is  given  in  the  following 
Table. 
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GBOITF  I- 

The  Alkalies  proper:   Potassa,  Soda,  Idthia,  and 

Ammonia. 

27.  POTASSA.     (KO.) 

General  characters  of  Hydrate  of  Fotassa  (K  0,H  0). — When 
pure,  it  is  quite  white,  dissolving  in  water  with  the  disengage- 
ment of  heat,  and  attracting  both  water  and  carbonic  acid  from 
the  atmosphere.  It  is  highly  caustic  and  eminently  alkaline. 
Nearly  all  its  salts  being  soluble  in  water,  it  is  capable  of  being 
precipitated  by  a  very  few  reagents.*  Its  presence  is  however 
evinced  by  the  following. 

(Solution  of  Chloride  of  PotaBsiam  (KCl)  may  be  nsed.) 

Bichloride  of  Platinum  (PtClg)  produces  a  bright  yellow 
crystalline  precipitate  of  double  chloride  of  platinum  and  po- 
tassium (EClyPtCls).  It  is  very  sparingly  soluble  in  water, 
and  its  formation  is  promoted  by  the  presence  of  free  hydro- 
chloric acid.  It  is  quite  insoluble  in  strong  alcohol.  Previous 
to  applying  this  test,  the  operator  must  assure  himself  of  the 
absence  of  ammonia,  and  the  solution  should  be  concentrated. 

Tartaric  acid  (2K0,Cq1I^0iq  or  2H0,T)  added  in  excess 
produces  a  crystalline  precipitate 

KCl-f2H0,T=K0,H0,T  +  HCl 

soluble  in  strong  acids  and  in  carbonated  and  caustic  alkalies, 
but  insoluble  in  tartaric  and  acetic  acids :  the  formation  of  this 
salt  is  greatly  facilitated  by  agitation. 

Carhazotic  or  trinitrophenicaeid^{^O^Qi^  ^-^^  v  O)  dis- 
solved in  alcohol  produces  a  bright  yellow  crystalline  precipi- 
tate (KOjCjgHg  (NOJgO),  which  is  freely  soluble  in  boiling 
water,  but  very  sparingly  so  in  cold. 

Perchloric  <K?irf  (CI  Oj)  produces  a  sparingly  soluble  white 
crystalline  precipitate  (KOjClO^). 

Before  the  bloiopipe  salts  of  potassa,  if  free  from  soda, 
heated  on  a  platinum  wire  in  the  inner  flame,  tinge  the  outer 
flame  violet.  If  soda  salts  be  present,  potassa  may  be  detected 
by  fusing  a  clear  bead  of  borax  with  oxide  of  nickel,  and  then 
adding  the  mixture  ;  the  brown  colour  of  the  bead  is  changed 
to  blue. 

Gharaeterietic, — The  reaction  with  bichloride  of  platinum,  and 
the  violet  coloration  of  the  blowpipe  flame. 
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28.  Soda.    (NaO.) 

O&neral  characters  of  Hydrate  of  Soda  (NaO, HO). —They 
are  reiy  similar  to  those  of  potassa.  Its  soluble  salts  afford  no 
precipitates  Trith  anj  of  the  above  reagents  for  potassa ;  but  Bi- 
mefantimoniate  of  potassa  (2  K  O,  Sb  Og)  produces,  in  neutral  and 
eren  in  very  dilute  solutions,  if  well  agitated,  and  provided  no 
otherozide  but  potassa  be  present,  a  white  crystalline  precipitate. 
(Solaticm  of  Sulphate  of  Soda  or  of  Chloride  of  Sodium  may  be  used.) 

2(NaO,S08)+2KO,Sb05=2(KO,S08)+2NaO,8b06. 
Before  the  blowpipe  soda  salts  are  distinguished  by  the 
atrong  yellow  colour  which  they  communicate  to  the  outer 
flame,  which  reaction  is  not  prevented  by  a  very  considerable 
excess  of  potassa.  According  to  Kobell,  one  part  of  chloride 
of  sodium  may  hereby  be  detected  in  twenty-five  or  thirty 
parts  of  chloride  of  potassium. 

29.  LiTHiA.    (LiO.) 

Oeneral  cJiaracters. — When  pure  this  oxide  is  white.  It  is 
not  so  soluble  in  water  as  potassa  or  soda.  Its  solution  rapidly 
absorbs  carbonic  acid  when  exposed  to  the  air.  Carbonate  of 
lithia  is  ver^  sparingly  soluble  in  water ;  when  a  solution  of  a 
salt  of  lithia  is  mixed  with  one  of  phosphate  of  soda,  the 
double  phosphite  of  soda  and  lithia  oi  very  sparing  solubility 
ia  precipitated.  Phosphate  of  soda  is  therefore  the  character- 
istic test  for  this  alkali* 

Brfore  the  blowpipe  salts  of  lithia  are  detected  by  the  fine 
crimson  tinge  which  they  communicate  to  the  outer  flame,  when 
heated  in  the  inner  flame  on  platinum  wire.  Potassa  salts  do 
not  interfere  with  this  reaction;  but  soda  salts  destroy  it, 
substituting  for  the  crimson  their  own  peculiar  yellow  colour. 

80.  Ammonla  (Oxide  oip  AMMONitiM).    (NH^O.) 

General  characters. — The  solution  of  pure  ammonia  in  water 
is,  when  concentrated,  highly  caustic  and  alkaline.  It  has  a 
powerful  and  penetrating  smell,  by  which  its  presence  can 
generally  be  detected.  It  attracts  carbonic  acid  from  the  at- 
mosphere. Most  of  its  salts  are  soluble  in  water,  and  nearly 
b11  of  them  are  totally  volatilizable  by  heat.  When  present  in 
ui  UDcombined  state,  in  quantity  too  small  to  be  detected  by 
fte  smell,  its  presence  may  be  evinced  by  the  production  of 
vhite  clouds  when  a  feather  dipped  in  strong  acetic  acid  is 
held  over  the  liquid.     In  salts  of  ammonia  the  compound 


64  QUALITATITS   ANALTSIS. 

metal  ammonium  (NH^  may  be  regarded  as  replacing  the  sim- 
ple metals  in  other  salts,  thus : — 

NH3HCI  =  (NHJCl 


Hydrochlorate  of  AmmoniA.  Chloride  of  Ammonium. 

NHgHCSOs  =  NH^CSOj 

Sulphate  of  Ammonia.  Sulphate  of  Ammonium. 

Oompartment  of  Ammoniacal  Salts  with  reagents. 

Bichloride  of  platinum  produces  a  yellow  crystalline  precipi- 
tate (N  H4 01,  Ft  OL}),  haying  a  great  resemblance  to  the  corre- 
sponding double  salt  of  potassium. 

Tartarie  acid  produces  in  concentrated  solutions  a  crystal- 
line "precipitate  (NH4O,  HO,  T)  much  more  soluble  than  the 
corresponding  potassa  salt. 

If  to  a  solution  of  corrosive  sublimate  (HgCl)  a  sufficient 
quantity  of  iodide  of  potassium  be  added  to  redissolye  the  pre- 
cipitate which  is  at  first  formed,  and  then  considerable  ex- 
cess of  caustic  potassa,  a  solution  is  obtained  which  will  de- 
tect one  drop  of  chloride  of  ammonium  in  a  pint  of  water,  by 
the  production  of  a  yellowish  turbidity.  The  reaction  is  con- 
sidered to  be  expressed  in  the  following  equation  : — 
4(HgI,KO)+3(KO,HO,)+NH3= 
(Hg^]Sri,2HO)+7KI-h4HO. 


GBOITP  II. 

The  Alkaline  Earths :  Baryta,  Strontia,  Lime,  and 

Magnesia. 

81.  Babtta.   (BaOjHO.) 

General  characters. — When  pure,  it  is  of  a  greyish-white 
colour  ;  it  combines  with  water  with  the  evolution  of  great  heat, 
and  is  completely  dissolved.  Its  concentrated  aqueous  solution 
deposits  crystals.  It  is  powerfully  caustic  and  alkaline.  It 
combines  greedily  with  carbonic  acid,  forming  a  white  insolu- 
ble compound,  which  is  poisonous. 

Comportment  of  soluble  Barytie  Salts  with  reagents, 
(Solution  of  Chloride  of  Barium  may  be  used.) 

AlkaUne  carbonates  produce  a  white  precipitate  (BaOyCOg) 
soluble  with  effervescence  in  hydrochloric  acid. 
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AiMnonia  and  eauttic  alkalies  do  not  produce  anj  precipitate^ 
provided  atmospheric  air  be  excluded. 

Sulphuric  add  and  soluble  sulphates  produce,  even  in  yerj 
dilute  solutions,  a  whit«  precipitate  (BaOjSO^),  quite  insoluble 
in  water,  and  very  sparingly  so  in  hydrochloric  acid. 

ffydrqfiuasiUcie  acid  (HFjSiPj)  produces  after  a  time  ^ 
colourleas  crystalline  precipitate,  almost  entirely  insoluble  in 
free  acids. 

BaCl+HF,SiFj,  =r  BaF,SiF3  +  HCl. 
'    (hmmon  phosphate  of  soda  (2NaO,HO,  rOg)  produces  a  white 
precipitate  soluble  in  free  acids. 

Oxalic  acid  {^0,C^O^'i' 8Lq)  and  solvhle  oxalates  produce, 
in  tolerably  concentrated  solutions,  a  white  precipitate 
(BaOsC^Og  +  aq)  soluble  in  free  acids;  the  formation  of  this 
precipitate  is  favoured  by  ammonia. 

Chromate  of  potassa  (KOCrO^)  produces  a  yellow  precipi- 
tate (BaOCrO^,  very  sparingly  soluble  in  nitric  and  hydro- 
chloric acids. 

Before  the  blowpipe,  salts  of  barium,  particularly  the  chloride, 
when  heated  on  platinum  wire  at  the  point  of  the  blue  flame, 
communicate  to  the  external  flame  a  pale  apple-green  colour, 
which  is  not  suppressed  by  the  presence  of  salts  of  strontium^ 
calcium,  or  magnesium,  unless  they  greatly  predominate. 

Characteristic. — The  reactions  with  sulphuric  and  hydrofluo*- 
silicic  acids. 

82.  Stkontli.    (SrO.) 

General  eharacters. — It  greatly  resembles  baryta ;  but  it  is 
not  80  heavy ;  neither  is  its  hydrate  so  soluble  in  water ;  its 
aqueous  solution  is  consequently  less  caustic. 

Comportment  of  soluble  Salts  of  Strontium  with  reagents. 
(Solution  of  Chloride  or  Nitrate  of  Strontiuin  may  be  used.) 

Alkaline  carbonates,  the  caustic  alkalies,  tjxd  phosphate  of  soda 
behave  towards  solutions  of  strontium  salts  precisely  as  towards 
solutions  of  salts  of  barium. 

Sulphuric  acid  produces  a  white  precipitate  (SrO^SOs)  not 
altogether  insoluble  in  water ;  in  very  dilute  solutions,  therer 
%e,  sulphate  of  lime  and  other  soluble  sulphates  do  not  occa- 
>Km  an  immediate  precipitate. 

Sf/drqfluosilieie  acid  occasions  no  precipitate  even  in  con- 
^*ntrat^  solutions. 
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OluromaU  cf  potassa  in  cold  and  dilute  solutions,  produces 
no  precipitate ;  but,  b^  boiling,  a  copious  yellow  precipitate 
(SrOyCrOg)  is  determined. 

Oxalic  acid  produces  a  white  precipitate  (Sr  0,Cj|  O3 + aq)  even 
in  dilute  neutral  solutions ;  in  veir  dilute  solutions  the  preci- 
pitate is  immediately  determined  by  the  addition  of  ammonia. 

Be/ore  the  hloivpipe^  sulphate  of  strontia  fuses  to  an  opales- 
cent  mass,  and  colours  the  outer  flame  carmine-red.  Chloride 
of  strontium,  heated  on  the  ring  of  platinum  wire  at  the  apex  of 
the  blue  flame,  tinges  the  whole  flame  immediately  deep-crim- 
son ;  but  as  the  assay  fuses  the  colour  disappears,  by  which  it  is 
distinguished  from  chloride  of  lithium.  The  presence  of  chlo- 
ride of  barium  prevents  the  production  of  the  coloured  flame. 
Soluble  salts  of  strontium,  digested  with  alcohol,  and  inflamed, 
give  rise  to  an  intense  and  characteristic  carmine-red  colour. 

Characteristic. — ^The  red  coloration  of  alcohol  flame ;  the  non- 
precipitation  by  hydrofluosilicic  acid ;  and  the  gradual  precipi- 
tation by  sulphate  of  lime. 

83.  Lime.     (CaO.) 

When  pure,  it  is  white  and  infusible.  It  has  an  acrid,  caustic, 
alkaline  taste.  It  has  a  powerful  affinity  for  water,  in  combin- 
ing with  which  it  emits  great  heat,  and  falls  into  a  bulky 
powder.  The  hydrate  of  lime  is  far  less  soluble  in  water  than 
the  hydrates  of  the  two  preceding  oxides,  one  part  requiring 
for  a  perfect  solution  from  4!50  to  500  parts  of  water.  The 
solution  is  slightly  caustic,  and  gradually  absorbs  carbonic  acid 
from  the  atmosphere,  until  the  whole  of  the  lime  is  converted 
into  carbonate. 

Comportment  of  solutions  of  Salts  of  Calcium  with  reagents. 
(Solution  of  Chloride  of  Calcium  may  be  used.) 

The  caustic  and  carbonated  alkalies,  and  phosphate  of  soda, 
behave  with  calcareous  solutions  precisely  as  witn  solutions  ot 
barium  and  strontium. 

Sulphuric  acid  and  the  soluble  sulphates  occasion  no  precipi- 
tate in  very  dilute  solutions ;  but,  on  the  addition  of  alcohol, 
a  precipitate  (CaOjSOj)  immediately  takes  place :  in  concen*   . 
trated  solutions    a   bulky   precipitate  is   produced,   soluble,  j 
though  not  remarkably  so,  in  nitnc  and  hydrochloric  acids. 

Hydrofluosilicic  acid  does  not  produce  any  precipitate  in 
solutions  of  calcareous  salts. 


J 


METALLIC    OXtDBS.  67 

Otdie  acid  and  the  soluble  oxalates  oocaaion  an  immediate 
pKcipitate  (CaOyCoOg)  in  neutral  Bolutions,  soluble  in  the  mi- 
oenl  acids,  but  inBoluble  in  acetic  acid. 

CaCl+  NH^O,  CjOjrrCaO.CjOs+NH^CL 
The  formation  of  this  precipitate  is  increased  and  quickened  by 
the  addition  of  ammonia. 

Before  the  hlovopipe,  chloride  of  calcium,  unless  it  has  been 
fused;  heated  on  toe  ring  of  the  platinum  wire,  tinges  the  outer 
flame  red,  but  the  colour  is  more  feeble  than  with  chloride  of 
strontium.  Pure  lime  and  the  carbonate  emit  a  very  strong 
light.  Soluble  lime  salts  impart  a  yellowish-red  tinge  to  the 
flame  of  alcohoL 
Charaeterisiic. — The  reactions  with  oxalic  and  sulphuric  acids. 

84.  Magnesia.    (MgO.) 

General  characters, — It  is  a  white  infusible  powder,  possessed 
of  a  feeble  but  distinct  alkaline  reaction.  Like  lime,  it  is 
more  soluble  in  cold  than  in  hot  water :  86,000  parts  of  boiling 
water,  and  5142  parts  at  82^,  being  required  to  dissolve  one 
part  of  the  earth.  Caustic  magnesia  does  not  emit  any  heat 
on  being  moistened  with  water. 

Behaviour  of  soluhle  Magnesium  Salts  with  reorients. 

(Solution  of  Sulphate  of  Magnesia  may  be  used.) 

Ammonia,  in  neutral  solutions,  occasions  a  white  bulky  pre- 
cipitate (Mg  O,  H  O).  If  the  solution  be  acid,  or  if  ammoniacal 
Kuts  be  present,  no  precipitate  takes  place,  in  consequence  of 
the  property  possessed  oy  magnesia  of  forming  double  salts 
with  ammonia. 

Caustic  potassa  produces  a  yoluminous  flocculent  precipitate, 
which  disappears  on  the  addition  of  chloride  of  ammonium ; 
but,  on  boiling  with  excess  of  potassa,  the  precipitate  reappears, 
in  consequence  of  the  decomposition  of  the  ammoniacal  salt. 

Carbonate  of  soda  produces  in  neutral  solutions,  and  in  the 
Absence  of  ammoniacal  salts,  a  white  voluminous  precipitate 
2  (HO,MgO)  +8  (M^O,COj),  which  is  increased  by  boilmg, 
in  consequence  of  the  expulsion  of  the  carbonic  acid,  which, 
in  the  cold,  keeps  a  portion  of  magnesia  in  solution. 
5(MgO,S03)+5(NaO,OOj)  +  2HO  = 
2(MgO,HO)+(8MgO,0Oa)+2CO2. 
Carbonate  of  ammonia^  by  boiling,  and  in  the  absence  of  am- 
moniacal salts,  occasions  a  slight  precipitate. 

T  2 
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Sulphurie  acid  produces  no  precipitate  (MgO^SOg),  being 
veiT  soluble  in  water. 

jPhasphate  of  soda  alone  does  not  produce  any  precipitate  in 
very  dilute  solutions ;  but,  if  ammonia  be  added,  a  crystalline 
precipitate  of   basic  phosphate  of   magnesia  and   ammonia 
(2MgO,NH.O,P05)  IS  formed  in  highly  diluted  solutions. 
2(MgO,S08)  +  2NaO,HO,P66  +  NHj,= 
2MgO,NH.O,P06  +  2(NaO,S03). 
This  precipitate  is  insoluble  in  ammoniacal  salts,  but  soluble  in 
free  acids. 

Oxalate  of  ammonia,  in  the  absence  of  ammoniacal  salts, 

forms  a  white  precipitate  rMgO,0  +  2aq). 

Before  the  olovopipe,  in  the  absence  of  other  metallic  oxides, 
salts  of  magnesium,  when  ignited  on  charcoal,  then  moistened 
with  solution  of  protonitrate  of  cobalt,  and  again  strongly 
ignited,  acquire  a  feeble  red  tint. 

Characteristic, — The  reactions  with  phosphate  of  soda  and 
nitrate  of  eobalt. 

General  BemarJes  on  the  Oxides  of  the  Second  Group, 
Prom  the  property  of  magnesia  to  form  soluble  double  salts 
with  ammonia,  tnis  oxide  may  be  kept  in  solution  by  the  addi- 
tion 'of  chloride  of  ammonium  and  ammonia,  while  baryta, 
strontia,  and  lime  are  precipitated  by  carbonate  of  ammoaia. 
The  magnesia  is  detected  in  the  filtered  liquid  by  phosphate  of 
soda.  The  immediate  formation  of  a  precipitate,  on  the  addi^ 
tion  of  sulphate  of  lime,  and  the  graaual  formation  of  a  crys- 
tallioe  precipitate  on  the  addition  of  hydrofluosilicic  acid,  are 
characteristic  of  baryta.  Strontia,  in  combination  with  baryta, 
is  detected  by  converting  both  earths  into  chlorides,  and  digest- 
ing with  absolute  alcohol,  in  which  chloride  of  barium  is  almost 
insoluble.  Chloride  of  strontium  is  detected  in  the  alcoholic 
solution  by  the  carmine-red  flame  it  communicates  to  the 
alcohol  when  ignited ;  and  lime  is  detected  by  oxalate  of  am- 
monia. To  discover  the  alkalies  in  the  presence  of  the  oxides 
of  the  second  group,  the  baryta,  strontia,  and  lime  are  first 
.removed  by  boiling  with  carDcnate  of  ammonia  and  caustic 
ammonia,  and  from  the  filtered  liquid  the  magnesia  is  precipi- 
tated by  bary ta- water ;  the  excess  of  baryta  is  removed  by 
adding  sulphuric  acid  in  slight  excess,  and  boiling ;  the  whole 
'is  then  filtered,  and  the  clear  filtrate  evaporated  to  dryness  in 
a  platinum  dish,  and  ignited;  the  residue  is  redissolved  in 
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nater,  and  tbe  Bolution  tested  for  potassa,  soda,  and  lithia,  hj 
diTiding  it  into  three  portions,  and  proceeding  with  each  in  the  * 
miimer  above  directed  for  the  discovery  oi  the  alkalies.  A 
portion  of  the  original  solution  is  tested  for  ammonia,  by  heat- 
ing with  caustic  potassa,  and  applying  a  feather  moistened 
with  strong  acetic  acid  to  the  mouth  of  the  tube. 
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Metallio  Oxides  not  preoipitated  by  Hydrosulphurio 
Acid,  Imt  preoipitated  as  Oxides  by  Sulpliide  of  Am-^ 
momiim. 

{Oxidet  of  Alnminumj  TUriwn^  Qltteimttm,  Thoritmm,  Ztreomum^ 
Ckromimn^  Ceriumy  TUaniwi^  and  Tantalum.) 

35.  Oxide  ot  Aluminum  (Alumina).   (Al^O,.) 

General  eharaeters. — When  pure  it  is  white,  and  in  the  state 
of  powder  it  is  light,  and  not  at  all  compact.  It  has  neithev 
taste  nor  smell,  but  it  adheres  to  the  tongue,  thereby  occasion- 
ing a  slight  sense  of  astringency.  By  the  heat  proauced  by  a 
stream  of  oxygen  gas  directed  against  the  flame  of  a  spirit-lamp, 
it  slowly  melts,  and  gives  a  limpid  and  colourless  globule,  whica 
on  cooling  becomes  crystalline.  It  is  quite  insoluble  in  water, 
although  it  possesses  a  powerful  affinity  for  that  fluid,  from 
which  it  can  only  be  deprived  by  heating  to  redness.  It  con- 
denses  moisture  from  the  atmosphere  in  a  remarkable  manner. 
The  hydrate  of  alumina  has  a  strong  affinity  for  vegetable 
oolounng  principles. 

Comportment  ofioluhle  Aluminum  Salts  with  reagents. 
(Solution  of  Sulphate  of  Alumina  may  be  uaed.) 

Sulphide  of  ammonium  produces  a  white  voluminous  preci- 
pitate of  hyiirate  of  alumina,  soluble  in  potash,  hydrosulphurio 
add  being  evolved. 

Al208,3S08-h3(NH.S)+6HO= 
Al303,3HO  +  3(NH^O,808>+3HS. 
Potassa  and  soda  produce  in  neutral  solutions  a  bulky  pre- 
cipitate of  hydrate  of  alumina  (AJ^OsSHO),  entirely  soluble 
in  excess  of  the  precipitant,  but  again  preoipitated  by  chloride 
of  ammonium  which  destroys  the  solvent. 

KO  +  NH4Cl=KCl+NH40. 
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Ammonia  occasions  the  same  precipitate  very  sparinglj  so- 
luble in  excess  of  the  precipitant. 

The  alkaline  carbonates  precipitate  hydrate  of  alumina  with 
the  evolution  of  carbonic  acid. 

Phosphate  of  soda  produces  a  precipitate  soluble  in  free 
acids  and  in  potassa. 

Silicate  of  potassa  (soluble  glass)  produces  a  precipitate 
(silicate  of  alumina)  in  solutions  of  this  oxide  in  potassa. 

Before  the  hloiopipe,  alumina  and  many  of  its  compounds 
may  be  detected  by  heating  the  assay  on  charcoal,  then  moist- 
ening it  with  solution  of  protonitrate  of  cobalt,  and  acfain 
heatiug  it  strongly  in  the  oxidising  flame.  A  fine  blue  colour 
is  produced. 

Characteristic. — The  reactions  with  sulphide  of  ammonium, 
potassa,  and  nitrate  of  cobalt. 

36.  Oxide  of  GLuciifUM.    (GI9O3.) 

General  characters, — This  earth,  when  pure,  has  neither  taste 
nor  smell ;  it  is  insoluble  in  water,  and  infusible ;  but  it  does 
not  harden  in  the  fire  like  alumina,  neither  is  the  paste  which 
it  forma  with  water  plastic.  Its  soluble  salts  have  a  sweet 
taste  with  a  slight  astringency.  They  do  not  yield  an  alum 
with  sulphate  of  potassa. 

Comportment  of  Salts  of  Glucinum  toUh  reagents, 

Potassa  and  soda  precipitate  hydrate  of  glucina  soluble  in 
excess  of  the  precipitants,  but  again  precipitated  by  long  boil- 
ing. Chloride  of  ammonium  also  precipitates  the  earth  from 
its  alkaline  solution. 

Ammonia  produces  a  voluminous  precipitate,  insoluble  in 
excess  of  precipitant ;  the  presence  of  chloride  of  ammonium 
does  not  prevent  the  formation  of  this  precipitate. 

The  carbonated  alkalies  occasion  a  bulky  precipitate,  which 
is  soluble  in  great  excess  of  the  precipitants,  but  more  easily 
in  carbonate  of  ammonia  than  in  carbonate  of  potassa. 

Phosphate  of  soda  produces  a  voluminous  precipitate. 

Before  the  blowpipe,  glucina  and  its  salts  cannot  well  be  de- 
tected ;  they  do  not  become  blue  when  strongly  heated  with 
protonitrate  of  cobalt,  like  alumina. 

Sulphide  cf  ammonium  precipitates  hydrate  of  glucina  with 
the  extrication  of  sulphuretted  nydrogen. 

Glucina  is  distinguished  from  alumina  by  its  reactiocb  with 
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alfadme  carbonates ;  by  its  salts  not  yielding  alum  with  sul- 
phate of  potash ;  and  by  its  not  becoming  blue  when  heated 
Wore  the  blowpipe  with  nitrate  of  cobalt. 

87.  OxiDB  OP  Yttrium.    (TO.) 

General  ckaraetere. — This  rare  earth  is  of  a  pale-yellow  co- 
lour. Its  specific  gravity  is  4*842 ;  it  is  therefore  heayier  than 
baryta,  the  specific  gravity  of  which  is  4*000.  It  is  soluble  in 
adds  after  ignition.  It  gradually  absorbs  carbonic  acid  from 
the  atmosphere.  Many  of  its  salts,  and  especially  the  sulphate, 
have  a  faint  amethysl^red  colour,  and  a  sweetish  taste.  Ac- 
cording to  Mosander,  three  bases  have  been  included  under 
the  name  of  yttria^  one  of  which  he  calls  erhia^  and  the  other 
ierbia. 

Comportment  of  Salts  of  Yttrium  idth  their  reagents* 

Potassa,  Moda,  and  ammonia  produce  white  voluminous  pre- 
cipitates, insoluble  in  excess  of  the  precipitants,  even  by  heat. 

The  carbonated  alkaliee  produce  precipitates  soluble  in  excess 
of  the  precipitantSy  particularly  in  carbonate  of  ammonia ;  from 
the  latter  solution  crystals  of  double  carbonate  of  ammonia  and 
yttria  may  be  obtained. 

Sulphate  of  potassa  produces,  after  a  time,  a  precipitate, 
which  is  completely  redissolved  on  the  addition  of  water,  even 
in  the  presence  of  sulphate  of  potassa. 

jPhoiphate  of  €oda  produces  a  precipitate  soluble  in  hydro- 
chloric acid,  from  which  it  is  i^in  thrown  down  by  boiling. 
^  Ferrocyanide  of  potassium  (KgFeCyg)  occasions  a  white  pre- 
cipitate. 

Before  the  hlowpipey  yttria  cannot  with  certainty  be  detected. 
According  to  Plattner,  phosphate  of  yttria  may  be  recognized 
by  giving  a  regulus  of  phosphide  of  iron  with  boracic  acid  and 
iron,  and  from  the  difficulty  with  which  it  is  dissolved  by  mi- 
croeosmic  salt. 

38.  OxiOT  OF  Thobikum.    (ThO.) 

General  characters. — This  rare  earth  is,  when  quite  free  from 
manganese,  white.  It  is  the  heaviest  of  all  the  earths,  its  spe- 
cific gravity  being  9*402.  Its  solutions  have  an  astringent 
taste ;  it  absorbs  carbonic  acid  from  the  air.  When  moist,  the 
hydrate  dissolves  readily  in  acids ;  bat  after  bavins  been  dried, 
it  is  acted  on  with  difficulty.  The  calcined  earth  is  only  at- 
tacked by  hot  sulphuric  acid.    Sulphate  of  thorina  is,  accord- 
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ing  to  Berzelius,  distinguished  from  all  other  oxidized  bodies, 
known,  by  its  property  of  being  precipitated  by  boiling,  and 
slowly  redissolying  on  cooling. 

Behaviour  of  solutions  of  Oxide  of  Thorinum  with  reagents, 

Potassa  and  ammonia  produce  a  quickly  subsiding  precipitate, 
insoluble  in  excess  of  the  precipitants. 

The  carbonated  alkalies  produce  a  precipitate  dissolving  rea- 
dily in  excess  of  the  precipitants. 

Sulphate  ofpot-assa  produces  a  double  salt,  insoluble  in  water 
containing  sulphate  of  potassa. 

Berroeyanide  of  potassium  occasions  a  heavy  white  precipi- 
ate,  soluble  in  acids. 

Before  the  hlowpipe,  the  reactions  of  thorina  have  not  beea 
studied. 

39,  Oxide  of  Zirconium.    (ZgOg.) 

General  characters, — When  pure  and  calcined,  glucina  is  a 
white  infusible  powder ;  when  ignited,  it  becomes  brilliantly 
incandescent :  it  is  sufficiently  hard  to  scratch  glass.  Its  spe- 
cific gravity  is  4'8.  After  having  been  ignited,  it  is  soluble 
only  in  concentrated  sulphuric  acid.  Its  soluble  salts  have  a 
purely  astringent  taste,  without  any  sweetness. 

Comportment  of  Salts  of  Oxide  of  Zirconium  with  reagents. 

Botassa  and  ammonia  produce  precipitates  insoluble  in  excess 
of  the  precipitants. 

2^e  carbonated  alkalies  produce  precipitates  slightly  soluble 
in  excess  of  the  precipitants ;  the  hydrate  of  zirconia  is  solu- 
ble in  carbonate  of  ammonia,  but  very  sparingly  so  in  the  car- 
bonates of  the  fixed  alkalies. 

Ferrocyanide  of  potassium  occasions  a  white  precipitate. 

Sulphate  of  potash  produces  a  white  double  salt,  almost  in- 
soluble in  water. 

Before  the  blowpipe,  the  reactions  of  zirconia  are  simQar  to 
those  of  glucina,  trom  which  it  is  distinguished  by  the  vivid 
white  light  which  it  emits  when  ignited. 

40.  Sesquioxidb  of  Ghbomium.     (CrgOg.) 

General  characters, — After  ignition  it  is  of  a  fine  green  co- 
lour, and  is  only  soluble  in  hot  sulphuric  acid :  the  hydrate  is 
j>f  a  greyish-green  colour,  and  is  readily  soluble  in  acids,  form- 
ing green  solutions  under  reflected,  and  red  by  transmitted^ 
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£|;bt;  but  if  the  hydrate  has  been  strongly  dried,  bnt  not  ig* 
nited,  it  dissolTes  in  acids  with  difficulty. 

'  Comportfnent  of  solutions  of  Salts  of  Chromium  with  reagents, ' 

(Solution  of  Sesqoichloride  of  ChTonduxn,  CrjClg,  may  be  used.) 

Sulphide  of  ammonium  produces  a  bluish-green  precipitate 
of  hydrate  of  sesquioxide  ot  chromium,  sulphuretted  hydrogen 
being  disengaged. 

Cr2Cl3  +  3NH^S  +  6HO=:Cr808,8HO  +  3NH4Cl  +  3HS. 
Potassa  produces  a  bluish-green  precipitate  (Gr^ 0^,3 HO), 
readily  soluble  in  an  excess  of  the  precipitant,  formmg  a  green 
solution,  from  which  the  green  anhydrous  oxide  is  re-precipi- 
tated by  boiling,  either  alone  or  with  chloride  of  ammonium. 

Ammonia  and  carbonate  of  ammonia  produce  a  bluish-green 
precipitate,  partially^oluble  in  the  precipitant,  to  which  it  im- 
parts a  red  colour ;  but  the  precipitation  is  complete  by  boiling 
&e  ammoniacal  solutiou. 

Carbonate  of  potassa  or  soda  produce  a  bluish-green  precipi- 
tate, soluble  completely  in  considerable  excess  of  the  precipi- 
tant, and  not  re-precipitated  by  boiling. 
JPhosphate  of  soda  produces  a  light  green  precipitate. 
Any  compound  of  oxide  of  chromium  when  fused  with  nitre 
giTes  rise  to  the  formation  of  chromate  of  potassa  (KOyCrOs), 
which  is  soluble  in  water,  and  to  which  it  communicates  a  yel- 
low colour. 

Before  the  blowpipe^  the  presence  of  oxide  of  chromium  is 
easily  detected  by  the  beautiful  green  bead  obtained  when  it  is 
heated  with  borax  or  microcosmic  salt,  both  in  the  inner  and 
outer  flame:  oxide  of  copper  gives  also  a  green  bead,  but  only 
in  the  outer  flame. 

Characteristic, — The  colour  of  its  salts ;  their  conversion 
into  chromic  acid ;  and  the  reaction  in  the  blowpipe  flame. 

41.  TiTAiTio  Acid.    (TiOj.) 

General  characters, — It  is  a  white,  insipid,  infusible  powder ; 
vhen  heated,  it  assumes  a  fine  yellow  colour,  but  again  becomes 
colourless  on  cooling.  It  reddens  infusion  of  turnsole  even 
>fter  having  been  exposed  to  a  red-heat,  though  the  calcination 
renders  it  insoluble  m  acids. 

Comportment  of  solutions  ofTittinic  Acid  unth  reagents. 

Ammonia  precipitates  a  wbito  gelatinous  hydrate,  soluble 
vith  great  readiness  in  acids,  and  soluble  also  in  small  quantities 
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tn  tbe  carbonated  alkalies :  it  is  precipitated  from  its  solution  in 
carbonate  of  ammonia  by  long  boiling :  its  solution  in  carbonate 
of  potassa  or  soda  is  precipitated  by  boiling  with  sal-ammoniac. 

Titanic  acid  is  precipitated  as  a  heavy  white  powder  from  its 
acid  solutions  by  continued  boiling :  this  precipitate  cannot, 
however,  be  washed  on  a  filter  with  pure  water  (Rose) :  ac- 
cording to  Berzelius,  it  can  be  completely  precipitated  from  its 
solution  in  sulphuric  acid  by  long-continued  boiling. 

The  caustic  alkalies  and  sulphide  of  amm&mum  do  not  preci- 
pitate titanic  acid  in  the  presence  of  a  sufficient  quantity  of 
tartaric  acid. 

Ferrocyanide  of  potassium  produces  a  red-brown  precipitate. 

Sulphite  of  ammonia  (NH^O.SOj),  aided  by  a  gentle  heat, 
completely  precipitates  titanic  acid.  If,  in  a  solution  of  titanic 
acid,  or  an  alkaline  titanate,  in  hydrochloric  acid,  a  bar  of  zvnc^ 
tin,  or  iron  be  placed,  the  titanic  acid  will  be  reduced  to  seS' 
qmoxide  of  titanium  (TijOg),  and  the  liquor  will  acquire  a  blue 
or  violet  colour ;  after  a  time,  however,  a  violet  powder  is  pre- 
cipitated, and  the  liquid  becomes  colourless.  This  is  charac- 
teristic of  titanic  acid. 

Before  the  blowpipe,  pure  titanic  gives  in  the  reduction  flame, 
with  microcosmic  salt,  a  violet  bead ;  the  reaction  is  observed 
better  on  adding  metallic  tin ;  in  the  presence  of  peroxide  of 
iron  the  glass  appears,  when  strongly  heated  in  the  reducing 
flame,  yellow,  and  on  cooling,  red ;  with  borax  no  alteration  is 
produced  by  the  presence  of  iron. 

General  Remarks  on  the  Oxides  of  the  Third  Qroup. 

Alumina  and  gluoina  are  both  dissolved  readily  by  caustic 
potassa ;  but  the  two  earths  are  distinguished  from  each  other 
oy  the  latter  being  precipitated  from  its  alkaline  solution  by 
boiling,  and  by  its  hydrate  being  soluble  in  carbonate  of  am- 
monia.    Yttria,  thorina,  and  zirconia  are  not  soluble  in  caustic 
potassa ;  i/ttria  is  distinguished  from  the  other  two  earths  by 
the  double  salt  which  it  forms  with  sulphate  of  potassa  being 
soluble  in  solution  of  sulphate  of  potassa  ;  whereas  the  double 
salts  formed  by  thorina  and  zirconia  are  not  soluble  in  sulphate 
of  potassa.    These  two  latter  earths  are  not  very  easily  distin- 
guished from  each  other ;  but  the  precipitate  produced  by  car- 
bonated alkalies  in  solutions  of  thorina  is  much  more  soluble  in 
carbonate  of  potassa  than  the  corresponding  precipitate  in  so- 
lution of  zirconia.     Thorina  is,  moreover,  more  than  double  the 
density  of  zirconia,  which  is  distinguished  again  by  the  glaring 
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vbite  light  which  it  produces  when  stronglj  igpiited.  The 
coioorof  the  salts  of  chromium,  and  their  hehayiour  before  the 
blowpipe,  is  quite  sufBcient  to  distinguish  this  oxide  from  all  the 
ot&er  members  of  the  groap.  TUanie  acid  is  distinguished  by 
tiieblue  colour  produced  on  bringing  a  rod  of  zinc  or  iron  into 
eontact  with  its  acid  solutions. 

This  group  may  be  subdivided  into  two  sections  by  the  com- 
pottment  of  its  members  with  caustic  potassa ;  thus  alumina^ 
l/laueina,  and  oande  of  chromium,  are  soluble  in  this  alkali :  the 
other  members  are  insoluble. 


GBOUP  IV. 

HetallicOzideB  not  preoipitated  from  their  acid  solutionB 
by  Hydrosulphiirio  Aoid,  but  completely  preoipitated 
by  Sulphide  of  Ammonium  as  Sulphides. 

{Oxides  of  Zinc,  Nickel,  Cobalt,  Manganese,  Iron,  and  TTramum^ 

42.  OxisE  OP  ZiTTo.    (ZnO.) 

General  characters. — When  pure  it  is  white;  it  becomes 
yellow  when  heated,but  on  cooling  its  whiteness  usually  returns, 
though  sometimes  it  retains  it  yellow  tinge.  It  is  sometimes 
obtained  crystalline,  and  is  then  always  yellow.  When  the 
metal  is  burned  in  the  air,  the  oxide  is  obtained  of  snowy 
whiteness,  and  in  light  flocks.  In  this  state  it  has  been  called 
**  philosophical  wool."  It  has  a  remarkable  affinity  for  alumina ; 
a  combination  of  the  two  oxides  in  atomic  proportions  is  met 
with  in  the  mineral  kingdom  crystallized  in  regular  octahedra, 
tnd  is  known  under  the  name  of  Gahnite. 

Comportment  of  solutions  of  Salts  of  Zinc  with  reagents, 
(Solation  of  Sulphate  of  Zinc  may  be  used.) 

Potassa  and  ammonia  produce  in  neutral  solutions  a  white 
gelatinous  precipitate  (ZnO,HO),  readily  soluble  in  an  excess 
of  the  precipitants. 

Sj/arosu^hurie  acid  produces  in  neutral  solutions  a  white 
precipitate  (ZnS);  in  acid  solutions  no  precipitate  is  formed. 

Sulphide  of  ammonium  completely  precipitates  salts  of  sine,  as 
ZnS,  insoluble  in  an  excess  of  the  precipitant,  as  well  as  in 
potassa  and  ammonia. 

The  carbonates  of  the  fixed  alkalies  precipitate  basic  carbonate 
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of  zinc  (8HO,ZnO  +2ZnO,C03),  quite  insoluble  in  an  ex- 
cess of  the  precipitants,  but  soluble  in  potassa  and  in  ammonia. 
The  presence  of  any  salt  of  the  latter  prevents  the  formation 
of  this  basic  salt,  a  soluble  double  salt  of  zinc  and  ammonia 
being  formed. 

CarhoTtate  of  ammonia  produces  a  white  precipitate,  soluble 
in  an  excess  of  the  precipitant. 

Phosphate  ofioda  produces  a  precipitate  soluble  in  acids,  and 
iapotasM  and  in  ammonia. 

Oxalic  acid  and  hinoxalate  of  potassa  occasion  precipitates 
which  are  soluble  in  acids  and  in  fixed  alkalies,  but  the  forma- 
tion of  which  is  not  prevented  bj  sal-ammoniac. 

Ferrocyanide  of  potassium  produces  a  white  gelatinous  pre- 
cipitate, insoluble  m  free  hydrochloric  acid. 

Ferridcyanide  of  potassium  produces  a  yellowish-red  precipi- 
tate, soluble  in  hydrochloric  acid. 

Before  the  hlotopipe,  zinc  salts  are  easily  detected.  Heated 
with  carbonate  of  soda  on  charcoal  in  the  reducing  flame  me- 
tallic zinc  is  produced,  which  volatilizes,  and  on  coming  into 
contact  with  the  air  is  again  oxidized,  and  the  charcoal  becomes 
covered  with  a  sublimate,  which,  when  hot,  is  yellow,  but  on 
cooling  white,  and  gives  when  heated  in  the  oxidating  flame 
with  a  few  drops  of  protonitrate  of  cobalt  a  beautiful  and  cha- 
racteristic green  colour. 

Characteristic, — The  reactions  with  potash  and  sulphuretted 
hydrogen,  and  before  the  blowpipe. 

43.  Oxide  of  Nickel.    (NiO.) 

General  characters, — The  pure  oxide  is  of  a  deep  ash-grey 
colour;  it  is  not  magnetic ;  it  dissolves  readily  in  acids ;  its  hy- 
drate is  of  an  apple-green  colour. 

Comportment  of  solutions  of  Salts  of  Nickel  with  reagents. 
(Solution  of  Sulphate  of  Nickel  may  be  used.) 

Potash  produces  a  bright  green  precipitate,  insoluble  in  an 
excess  of  the  precipitant,  but  soluble  in  carbonate  of  ammonia. 

Ammonia  precipitates  the  same  green  hydrate,  but  an  excess 
redissolves  it,  forming  a  clear  blue  solution,  from  which  potassa 
again  precipitates  the  hydrate. 

Hydrosulphurie  acid  does  not  precipitate  acid  solutions  of 
nickel.  In  neutral  solutions,  after  a  time,  an  inconsiderable 
black  precipitate  is  formed ;  but  in  the  presence  of  an  alkaline 
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acetate,  aided  by  a  gentle  heat,  sulphuretted  hydrogen  effects  a 
complete  precipitation. 

&tlpkiae  qfamnumium  produces  a  black  precipitate  (NiS),  par- 
tttSj  soluble  in  an  excess  of  the  precipitant ;  hence,  after  the 
subsidence  of  the  precipitate,  the  Suid  remains  black. 

Alkaline  carbonates  produce  a  pale  green  precipitate,  solublie 
in  carbonate  of  ammonia. 

Phosphate  of  soda  occasions  a  very  pale  yellow  precipitate. 

Ferroeyanide  of  potassium  produces  a  pale  yeuowish-greeti 
precipitate. 

Ojfonide  of  potassium  throws  down  a  greenish- white  precipi- 
tate (NiCy),  which  an  excess  redissolves  into  a  brownish*yellow 
Hjuid  (NiCy,KCy  +  HC1  =  NiCy  +  KCl  -h  HCy) ;  on  the  ad- 
dition  of  a  mineral  acid,  cyanide  of  nickel  is  again  precipi- 
tated, and  hydrocyanic  acid  set  free. 

Before  the  blowpipe,  salts  of  nickel,  heated  in  the  outer  flame 
with  borax  or  microcosmic  salt,  giro  a  reddish-coloured  bead. 
The  addition  of  nitre  changes  the  colour  to  dark  purple  or 
blue :  heated  in  the  inner  flame  on  charcoal  with  carbonate  of 
Boda,  reduction  takes  place,  and  renders  the  bead  grey. 

Characteristic. — The  reactions  with  ammonia  and  cyanide  of 
potassium, 

44.  OxiDB  OF  Cobalt.    (CoO.) 

General  characters, — As  obtained  by  the  calcination  of  the 
carbonate,  it  is  of  an  ash-ffrey  colour ;  as  obtained  by  the  com- 
bustion of  the  metal,  it  is  blue  or  greyish-blue ;  as  precipitated 
from  its  solutions  by  caustic  potassa^  it  has  a  fine  blue  colour. 
When  this  precipitate  is  boiled  for  some  time,  it  assumes  by 
degrees  a  violet,  and  finally  a  dirty  red  tinge,  which,  according 
to  Proust,  is  the  hydrate :  the  blue  precipitate  is  considered  by 
some  chemists  to  be  a  basic  salt.  It  dissolves  by  fusion  with 
vitreous  fluxes,  communicating  to  them  a  magnificent  blue 
colour,  or  if  in  excess,  black, 

Cknnportment  of  solutions  of  Salts  of  Cobalt  with  reagents. 

Potassa  produces  a  blue  precipitate,  insoluble  in  an  excess  of 
the  precipitant,  but  soluble  in  carbomite  of  ammonia ;  the  pre- 
cipitate Decomes  green  by  exposure  to  the  air,  and  dingy-red 
when  boiled. 

Ammonia  produces  a  blue  precipitate,  which  an  excess  redis- 
aolves,  forming  a  solution  which  is  at  first  green,  but  which  by 
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exposure  to  the  air  becomes  brown ;  if  sal-ammoniac  be  present 
in  sufficient  quantity,  neither  potassa  nor  ammonia  produce  any 
precipitate,  though,  if  air  have  access,  the  solution  gradually 
Decomes  brown. 

The  alkaline  carhonaies  produce  a  red  precipitate,  which  upon 
being  boiled  becomes  blue. 

Phoipkate  of  soda  occasions  a  blue  precipitate. 

Ferroeyanide  of  potassium  gires  a  green  precipitate,  which 
gradually  turns  grey. 

Ferridcyanide  of  potassium  gives  a  dark  reddish-brown  pre- 
cipitate. 

Hifdrosulphurie  add  in  acid  solutions  occasions  no  precipi- 
tate :  in  neutral  solutions,  after  a  time,  a  slight  black  precipi- 
tate, the  solution  acquiring  a  dark  colour. 

Cyanide  of  potassium  throws  down  CoCy  as  a  brownish 
white  precipitate,  easily  soluble  in  excess  of  the  precipitant ;  on 
the  addition  of  hydrochloric  acid  no  precipitate  takes  place, 
the  whole  of  the  cobalt  passing  into  the  state  of  cobaUo^anide 
of  potassium;  thus: — 

2CoCy  +  SKCy  +  HCy  =  (CojCyeKs)  +  H, 
which  is  not  decomposable  by  weak  acids. 

Sulphide  of  ammonium  produces  a  black  precipitate,  insolu- 
ble in  excess. 

Before  the  blowpipe,  salts  of  cobalt  are  distinguished  by  the 
beautiful  blue  colour  they  communicate  to  borax  and  microcos- 
mic  salt,  in  both  oxidatbg  and  reducing  flames.  Heated  with 
carbonate  of  soda  in  the  reducing  flame,  a  grey  powder  (metallic 
cobalt)  is  produced. 

Characteristic. — The  reactions  with  potash,  ammonia,  and 
cyanide  of  potassium,  and  before  the  blowpipe. 

45.  Oxins  OF  Manqakese.     (MnO.) 

General  characters, — It  is  of  a  greyish-green  colour.  When 
prepared  by  i^iting  the  carbonate  or  oxalate  in  an  atmosphere 
of  hydrogen,  it  absorbs  oxygen  from  the  air,  gradually  becom- 
ing brown.  The  oxide,  prepared  by  fusing  the  chloride  with 
anhydrous  carbonate  of  soda,  undergoes  no  alteration  by  ex- 
posure to  the  air.  The  hydrate  when  first  precipitated  is  white, 
but  on  exposure  to  the  air  it  gradually  becomes  brown.  This 
oxide  possesses,  in  common  with  magnesia  and  oxide  of  iron, 
the  property  of  only  being  partially  precipitated  by  ammonia, 
and  of  carrying  with  it  a  portion  of  silicic  acid  when  precipi' 
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tated  from  a  liquid  holding  this  add  in  solution.  The  Baits  of 
oiide  of  manganese  are  sometimes  colourless,  and  sometimes  of 
a  pale  rose-colour. 

Omportment  of  solutions  of  Salts  of  Manganese  with  reagents. 
(Solutioii  of  Sulphate  of  Manganeee  niAy  be  wed.) 

Fotash  and  ammonia  produce  precipitates  which  at  first  are 
white,  hut  soon  become  coloured,  first  yellow,  then  brown,  and 
iinallj  nearly  black :  if  ammoniacal  siute  be  present,  ammonia 
occasions  no  precipitate,  and  potassa  on]  j  a  partial  one,  which 
slowly  becomes  brown  by  exposure  to  the  air.  A  clear  am- 
moniacal solution  containing  oxide  of  manganese  gradually 
gets  turbid  by  exposure  to  the  air,  brown  hydrated  sesquioxide 
of  manganese  being  deposited. 

J[%e  carbonated  alkalies  produce  a  white  precipitate  of  car- 
bonate of  manganese,  which  is  permanent  in  the  air,  and  spa- 
ringly soluble  in  sal-ammoniac. 

JPhosphate  of  soda  produces  a  white  precipitate  persistent  in 
the  air. 

Ferrocyanide  of  potassium  produces  a  pale  red  precipitate, 
soluble  in  free  acids. 

Ferrideyanide  qf potassium  gives  a  brown  precipitateyinsoluble 
in  firee  acids. 

Hydrosulphurie  aeid  does  not  precipitate  either  add  or  neutral 
solutions. 

Sfuipkide  of  ammonium  produces  a  flesh-red  precipitate 
(Mn  S),  insoluble  in  excess,  out  soluble  in  mineral  acids  and 
eren  in  strong  acetic  aeid ;  by  exposure  to  the  air  it  becomes 
oxidized,  finally  assuming  a  brownish-black  colour. 

Fitee-eoloured  oxide  qf  lead  (binoxide),  heated  with  pure 
dilute  nitric  acid,  produces  when  added  to  a  solution  of  a  salt  of 
manganese,  a  fine  crimson  colour  (permanganic  acid,  Mn^  O^  HO). 

By  fusing  any  salt  of  manganese  on  platinum  foU  with  a 
mixture  of  nitre  and  carbonate  of  soda,  manganate  of  soda  of  a 
fine  green  colour  is  produced ;  the  smallest  portion  of  mangi^ 
nese  may  in  this  manner  be  detected. 

Before  the  blowpipe,  fused  in  the  oxidating  flame  with  borax 
or  microcosmic  salt,  salts  of  manganese  give  an  amethyst- 
coloured  beady  the  colour  of  which  disappears  in  the  reducing 
flame,  but  may  again  be  produced  in  the  oxidating  flame. 

Characteristic. — The  reactions  with  sulphide  of  ammonium 
ttnd  binoxide  of  lead,  and  with  carbonate  of  soda  with  heat. 
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46.  Protoxide  of  Ibok.     (FeO.) 

General  characters, — This  oxide,  which  is  onlj  obtained  pure 
with  extreme  difBculty,  is  black,  and  has  frequently  a  metallic 
lustre ;  it  is  brittle ;  fuses  at  a  high  temperature ;  and  on  cool- 
ing is  converted  into  a  brittle,  brilliant,  but  not  vitreous  mass. 
It  is  dissolved  in  acids  with  sreat  difficulty,  after  having  been 
exposed  to  a  red-heat ;  but  the  salts  formed  are  identical  with 
those  obtained  bj  dissolving  the  metal  itself  in  the  respective 
acids.  It  is  verj  feebly  magnetic,  by  which  it  is  distinguiahed 
from  the  ferrosoferric  oxide  (FeOjFegOj),  which  is  strongly 
magnetic.  It  combines  with  water,  forming  a  hydrate  which, 
when  pure,  is  white ;  but  by  contact  with  the  atmosphere  it 
speedily  becomes  coloured ;  first  grey,  then  ^reen,  then  bluish- 
black,  and  finally  yellow.  When  boiled  m  an  hermetically 
closed  vessel,  it  parts  with  its  water,  and  becomes  black.  It  is 
the  basis  of  all  tne  protosalts  of  iron. 

Comportment  of  Salts  of  Protoxide  of  Iron  with  reagents^ 
(Solation  of  Protosnlphftte  of  Iron  may  be  naed.) 

Potassa  and  ammonia  produce  a  flocculent  precipitate  of  hy- 
drated  protoxide  of  iron,  which  at  first  is  nearly  white,  but 
which  readily  becomes  coloured  by  exposure  to  the  air.  The 
presence  of  ammoniacal  salts  prevents  the  precipitation  of 
oxide  of  iron  by  ammonia,  and  in  some  degree  by  potassa. 

Alkaline  carbonates  produce  a  white  carbonate,  gradually 
becoming  coloured,  though  not  so  readily  as  the  oxide.  It  is 
soluble  m  sal-ammoniac,  but  a  coloured  precipitate  makes  its 
appearance  by  exposure  to  the  air. 

Phosphate  of  soda  produces  a  white  precipitate,  which  after 
a  time  becomes  green. 

IBhrrocyanide  of  potassium  yvoduces  a  precipitate,  which,  if 
air  be  entirely  excluded,  is  white  (KfFegCfyj)) ;  but,  if  air  or  a 
small  quantity  of  sesquioxide  of  iron  be  present,  it  has  a  blue 
tinge ;  by  exposure  to  the  air,  or  by  contact  with  nitric  acid 
or  chlorine,  it  absorbs  oxygen,  and  gives  rise  to  the  formation 
of  Prussian  blue.  The  transformation  will  be  understood  from 
the  following  equations : — 

(a.)  8FeCl  +  2K3,Cfy  =  8KCl  +  KFe,Cfy8, 

(b.)  8(K,Fe8Cf72)-h4  0  =  2(Fe4Cfy3)  +  8KO-HFeO. 

Prussian  blue  is  insoluble  in  h vdrochloric  acid ;  its  colour  is 
discharged  by  the  fixed  caustic  alkalies. 
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^aridcyanide  of  potawium  (EjCfys)  produces  a  beautiful 
Une precipitate,  insoluble  in  acids,  but  easily  decomposable  br 
alblies.  The  composition  of  this  substance  is  Cfy^Fg,  and  it 
is  thus  formed : — 

3FeCl  +  KgCfyg  =  3KC1  +  CfjjFejj  (Turnbuirs  blue). 
Bifdroiulphuric  acid  does  not  precipitate  acid  solutions  of 
<ffi'de  of  iron ;  and  neutral  compounds  very  incompletely. 

Stdphide  of  ammonium  produces  a  black  precipitate,  speedily 
becoming  brown  by  exposure  to  the  air.  It  is  insoluble  in 
sl^alies  and  alkaline  sulphides,  but  easily  soluble  in  mineral 
acids. 

Before  the  htowpipCy  protosalts  of  iron  heated  on  charcoal 
with  borax  or  microcosmic  salt  in  the  oxidating  flame  give  dark- 
red  beads,  becomiug  lighter  on  cooling ;  in  the  inner  flame  the 
colour  produced  is  green,  which  disappears  on  cooling,  if  the 
metal  be  not  present  in  too  large  quantity.  When  fused  with 
Boda  on  charcoal  in  the  reducing  flame,  a  metallic  magnetic 
powder  is  obtained. 

Charaeterietic, — The  reactions  with  ferrocyanide  andferrid^ 
Cjfomde  of  potaesium, 

4tJ.  Sbsqitioxtdb  of  Ibow.     (FegOj.) 

General  characters, — Its  colour  and  physical  appearance 
differ  according  to  its  mode  of  preparation.  It  is  met  with  in 
nature  of  a  grey  colour,  and  crystalline ;  as  prepared  by  the 
calcmation  of  the  subsulphate  of  the  sesquioxide,  it  has  a  fine 
i^  colour ;  from  the  sulphate  its  colour  is  deeper,  and  when 
made  from  the  nitrate  it  is  brownish-black ;  and  it  is  sometimes 
met  with  quite  black.  By  the  action  of  a  high  heat  it  is  con- 
verted into  ferrosoferric  oxide  (FeOjFejOj)  with  the  disengage- 
ment of  oxygen  eas.  It  does  not  dissolve  very  readilv  save  in 
concentrated  acids,  after  having  been  strongly  heated,  though 
much  more  easily  than  the  protoxide.  It  is  not  easily  preci- 
pitated from  its  solutions  by  means  of  an  alkali  or  an  earth. 
If  too  little  alkali  be  added,  a  subsalt  is  thrown  down ;  if  too 
much,  a  portion  is  precipitated  with  the  oxide.  When  iron 
ia  oxidized  by  degrees  in  contact  with  a  large  quantity  of 
water,  a  hydrate  of  the  sesquioxide  of  a  clear  orange  colour  is 
foHDed. 
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Comportment  of  solutions  of  Salts  of  Sesquioside  of  Iron  teith 

reagents, 
(Solution  of  Sesquichloride  of  Iron  may  be  used.) 

Potassa  and  ammonia  produce  a  Yoluminous  reddish-brown 
hydrate,  insoluble  in  excess.  The  precipitation  is  prevented  bj 
the  presence  of  organic  acids,  sugar,  etc. 

Fe8Cl8  +  8NHs  +  6HO  =  Pej03,3HO  +  8NH.a. 

The  carbonated  alkalies  throw  down  precipitates  of  rather  a 
lighter  colour,  carbonic  acid  being  at  the  same  time  disengaged. 

Phosphate  of  soda  produces  a  white  precipitate  of  phosphate 
of  sesquiozide  of  iron  of  varying  composition,  which  becomes 
brown,  and  finally  dissolves  on  the  addition  of  ammonia. 

Perrocyanide  of  potassium  produces  a  beautiful  blue  precipi- 
tate (Fe^Cfyj)  by  the  following  reaction : — 

2FeCl-h8K8Cfy  =  re^Cfy8  +  6KCl. 

Sulphoeyanide  of  potassium  produces  a  rich  blood-red  colour, 
even  m  very  dilute  solutions  (FeCySg). 

Hydrosulphuric  acid  produces  in  neutral  solutions  a  white 
deposit  of  sulphur,  the  sesquiozide  being  reduced  to  protoxide 
thus: — 

Fej,08  +  HS=2reO  +  HO  +  S. 

Sulphide  of  ammonium  produces  in  fieutral  solutions  a  black 
precipitate,  insoluble  in  excess,  and  becoming  brown  by  expo- 
sure to  the  air.  This  precipitation  is  preceded  by  the  reduction 
of  the  sesquiozide  into  protoxide. 

Before  the  blowpipe,  salts  of  sesquiozide  of  iron  behave  in 
the  same  manner  as  those  of  the  protoxide. 

Characteristic  reactions, — Thosewith  ferrocyanide  andsulpho- 
cyanide  of  potassium. 

48.  Sesquiozide  of  Uranium.     (UrjOj.). 

General  characters. — The  hydrate  is  a  beautiful  yellow 
powder,  soluble  in  acids,  forming  fine  yellow  solutions ;  heated 
to  about  300°,  it  loses  its  water  and  becomes  anhydrous ;  it 
then  has  a  bright  brick-red  colour.  Heated  above  that  tem- 
perature, it  loses  oxygen  and  becomes  converted  into  uranoso^ 
uranic  oxide  (UrO,tJrs03)  of  a  deep-grey  colour.  Sesquioxide 
of  uranium  reddens  moistened  turnsole  paper,  though  it  blues 
paper  stained  red  with  infusion  of  logwood.  It  produces, 
therefore,  the  reaction  of  acid  and  base.  According  to 
Berzelius,  this  substance  should  more  properly  be  called  uranic 
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oeti;  its  properties  being  rather  those  of  an  electro-negative 
than  of  an  electro-positive  oxide.  It  forms  definite  compounds 
with  bases,  all  of  which  are  insoluble  in  water ;  and,  when  pre- 
cipitated ^m  its  solution  in  an  acid  bj  means  of  an  alkali, 
&  latter  is  divided  into  two  portions,  and  the  precipitate  ob- 
tiined  is  a  uronate. 

CompoHmeni  of  iolutions  of  Salts  of  Seiguioxide  of  Uranium 

with  Reagents, 

(Solation  of  the  Nitrate  of  the  Sesquioxide  of  Unniam  may  be  used.) 

Cmutie  alkalies  precipitate  uranates  of  the  bases  of  a  pale 
yellow  colour. 

AlkdUne  carbonates  produce  pale  yellow  precipitates,  soluble 
in  excess  of  carbonate  of  ammonia,  but  again  precipitated  by 
boiling. 

Sulphite  of  ammonia  produces  at  a  boiling  temperature  a 
yellow  precipitate. 

Ferroeyanide  of  potassium  gives  a  reu  orown  precipitate. 

Sydrosulphurie  acid  reduces  salts  of  sesquioxide  with  the 
deposition  of  sulphur ;  but  sesquioxide  is  again  produced  by  ex* 
poeare  to  the  atmosphere,  or  by  the  action  of  oxidizing  agents. 

Sulphite  of  amfnonia  produces  a  black  precipitate. 

Brfore  the  hlowp^e,  heated  alone  on  charcoal,  sesquioxide  of 
unnium  is  converted  into  protoxide ;  heated  with  microcosmic 
nit  on  platinum  wire  in  the  oxidating  flame,  it  dissolves,  pro- 
ducing a  clear  yellow  glass,  which  on  cooling  becomes  men. 

Characteristic. — The  reactions  with  the  caustic  and  carbo* 
futed  alkalies  and  with  ferrocyanide  of  pottusium. 

General  Bemarks  on  the  Oxides  of  the  Fourth  Qroup, 

Of  the  seven  oxides  constituting  this  group,  oxide  of  zinc 
slone  is  soluble  in  caustic  potassa.  It  is  thus  readily  separated 
irom  the  other  six,  and  it  is  distinguished  from  alumina^  oxide 
rf  ehromiumj  etc.f  members  of  the  third  group,  by  its  bein^ 
igsin  precipitated  firom  its  alkaline  solution  by  sulphuretted 
bjdrogen.  Oxides  of  zinc,  cobalt^  irouy  and  manganese  form 
vith  ammonia  soluble  double  salts  not  precipitable  by  alkalies. 
Oxide  of  iron  is  easily  eliminated  from  the  other  three  oxides, 
by  converting  it  into  iesguioxide,  by  boiling  with  nitric  acid  or 
with  chlorate  of  potash.  It  is  then  completely  precipitated  by 
'WRoiita,  provided  no  non-volatile  organic  matter  be  present. 
The  same  is  the  case  with  sesquioxide  ofuranivm.    Hydrate  of 
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oxide  of  nickel  is  dissolved  bj  ammaniaf  but  again  precipitated 
bj  potaeea.  Sydrated  oxide  of  nickel  and  hydrcied  oxide  of 
cobalt  are  both  soluble  in  carbonate  of  ammonia^  which  is  not 
the  case  with  hydrated  protoxide  of  manganese^  which  maj  thus, 
therefore,  be  separated  from  them.  The  perfect  separation  of 
oxide  of  nickel  from  oxide  of  cobalt  is  attended  with  great 
difficulties.  The  presence  of  nickel  mav  be  recognized  by  the 
behaviour  of  the  solution  of  its  cjanide  in  cyanide  of  potas- 
sium with  hydrochloric  acid,  which  precipitates  it,  the  same 
not  being  the  case  with  cyanide  of  cobalt.  In  the  former  case 
a  double  cyanide  of  nickel  and  potassium  (NiCy,KOy}  is 
formed ;  but  in  the  latter,  with  the  presence  of  Iree  hydro- 
cyanic acid,  a  cobaltoeyanide  of  potassium  is  formed.    Thus : — 

2CoCv  +  8KCy  +  HCy=:B:8C02Cy-  +  H. 
Now,  though  the  solution  of  cyanide  of  cobalt  in  cyanide  of 
potassium  is  not  precipitated  by  an  acid,  it  may  be  so  in  the 
presence  of  nickel,  and  if  that  metal  be  present  in  the  propor- 
tion of  three  equivalents  to  two  equivalents  of  cobalt,  the  whole 
of  the  latter  will  be  precipitated, — the  three  equivalents  of 
nickel  replacing  the  tnree  equivalents  of  potassium  in  the 
cobaltoeyanide  of  potassium,  and  giving  rise  to  cobaltoeyanide 
of  nickel  (N,  Co,  CyJ.     Thus  :— 

3(NiCy  +  KCy)  -h  CosjK8Cyj=6KCy  ^  CogNijCyj. 
The  blowpipe  is,  moreover,  an  infallible  test  of  the  presence 
of  oxide  of  cobalt. 


GBOT7P  v.— Seotion  A. 


Metallio  OzideB  precipitated  from  their  aolutions,  whe- 
ther acid,  alkaline,  or  neutral,  as  Sulphides  by  Hydro- 
sulphurio  Aoid. 

(Oxides  of  Lead,  Siher,  Mercury,  Bismuth,  Cadmium,  Copper,  Palladium^ 

Iridium  and  Osmium,) 

49.  Pbotoxidjs  or  Lead.    (PbO.) 

General  characters. — When  pure,  this  oxide  is  yellow,  but  its 
powder  has  a  reddish  tint.  When  certain  lead  salts,  as  the  sub- 
nitrate  and  oxalate,  are  decomposed  by  heat  without  fusion,  they 
furnish  an  oxide  of  a  pure  sulphur-yellow  colour,  which  by  tri- 
turation becomes  rea:   in  this  state  it  is  sometimes  called 
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9ameoL    Bj  allowing  a  solution  of  oxide  of  lead,  in  caustdc 
soda,  to  remain  for  some  months  exposed  to  the  air,  white,  semi- 
tnzuparent,  dodecahedron  crystals  of  anhydrous  oxide  may  be 
obtained.    The  same  crystals,  according  to  Payen,  are  formed 
on  mixing  a  dilute  solution  of  acetate  of  lead,  with  great  ex- 
cess of  caustic  ammonia,  and  exposing  to  the  rays  of  the  sun. 
Protoxide  of  lead  becomes  of  a  deep-red  colour  when  heated, 
regainmg  its  primitire  colour  on  cooline :  at  a  red  heat  it  fuses 
and  cooU  in  semitransparent,  deep  brick-red,  crystalline  scales ; 
at  a  atiU  higher  temperature  it  unaergoes  partial  decomposition, 
the  metal  ^ing  reduced.     It  absorbs  carbonic  acid  slowly  from 
the  air ;  hence  an  effervescence  generally  attends  its  solution 
in  an  acid.     Pure  water  is  capable  of  retaining  in  solution  from 
Tyrr  ^  Tii^g  ^^  oxide  of  lead.    The  hydrate  is  white,  and  ab- 
Borbs  caroonic  acid  rapidly  from  the  air.     It  loses  its  water  at 
about  300°.     Protoxide  of  lead  combines  with  alkalies  and 
earths ;  its  combinations  with  potassa  and  soda  are  crystalli^a- 
ble.    It  enters  into  fusion  with,  and  dissolves,  the  earths  with 
great  facility.     Its  best  solvent  is  nitric  or  acetic  acid. 

ComporttnerU  of  solutions  of  Salts  of  Lead  with  reagents, 
(Solution  of  Nitnto  or  Acetate  of  Lead  may  be  OBod.) 

Potassa  and  ammonia  produce  white  precipitates,  which  are 
basic  salts,  soluble  in  a  great  excess  of  potassa^  but  insoluble  in 
ammonia. 

Thit  carbonated  alkalies  froiuce  white  precipitates,  soluble  in 
fotaua. 

Phosphate  of  soda  occasions  a  white  precipitate,  soluble  in 
potassa. 

Osalie  add  produces,  in  neutral  solutions,  a  white  preci- 
pitate. 

Ferroeyanide  ofpotassiwn  produces  a  white  precipitate,  solu- 
ble in  potassa. 

Iodide  of  potassium  produces  a  yellow  precipitate,  soluble  in 
great  excess  by  heat,  and  separating  on  coolings  in  magnificent 
yellow  spangles.   (Pbl.) 

Chromate  of  potassa  produces  a  fine  yellow  precipitate,  solu- 
ble in  potassa,  but  insoluble  in  dilute  nitric  acid.  (rbO^CrOsO 

Htjdroehlaric  add  and  soluble  Morides  produce  a  heavy  white 
Precipitate,  soluble  in  boiling  water,  out  of  which  it  separates, 
on  cooling,  in  brilliant  ory^talSi.  This  precipitate  is  soluble  in 
T^otassa.    (PbCl.) 
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Hydrosulphurie  acid  produces  a  black  precipitate,  both  in 
acid  and  neutral  solutions.  (PbS.) 

Sulphide  of  ammonium  produces  a  black  precipitate,  insoluble 
in  excess. 

8ulphurie  acid  and  soluble  sulphates  produce  a  white  precipi- 
tate (PbOySOg)  sparingly  soluble  in  dilute  acids,  but  soluble  in 
solution  of  potassa,  and  assuming  a  black  colour  when  moist- 
ened with  hydrosulphuret  of  ammonia. 

Before  the  blowpipe^  on  charcoal,  mixed  with  carbonate  of 
soda,  salts  of  lead  are  immediately  reduced,  furnishing  a  me- 
tallic globule,  which  gradually  sublimes,  leaving  a  yellow  resi- 
due. The  metallic  globule  can  easily  be  flattened  under  the 
hammer. 

Characteristic  reactions. — Those  with  sulphuric  and  hydro- 
chloric  adds  and  with  sulphuretted  hydrogen, 

50.  Poisoning  by  Lead.     Detection  qfthe  Metal  in  Organic 

Mixtures, 

The  vegetable  acids  and  alkaline  and  fatty  substances  dis- 
solve protoxide  of  lead,  forming  salts  of  a  poisonous  character ; 
and  as  the  glaze  of  earthenware  vessels  employed  for  culinary 
purposes  usually  contains  oxide  of  lead,  the  accidental  adultera- 
tions of  food  and  liquids  which  have  been  prepared  or  allowed 
to  remain  for  some  time  in  such  vessels,  are  not  of  uncommon 
occurrence.     Pies  which  have  been  baked  in  a  newly  glazed 
vessel  have  been  known  to  become  contaminated  with  oxide  of 
lead,  and  to  have  occasioned  the  peculiar  symptoms  of  lead  poi- 
soning in  the  persons  partaking  of  them.    The  presence  of  the 
deleterious  metal  in  tne  food,  in  cases  of  this  kind,  is  proved 
by  moistening  the  articles  with  sulphide  of  ammonium,  by 
which  they  become  of  a  more  or  less  brown  colour ;  and  lead  is 
detected  in  the  glaze  of  the  vessels  by  boiling  in  them  acetic 
acid  or  caustic  potass,  by  which  the  oxide  becomes  dissolved. 
Cases  of  poisoning  by  the  accidental  impregnation  of  articles 
of  drink  with  oxide  of  lead  would  probably  be  more  frequent, 
but  for  the  property  possessed  by  some  vegetable  substances, 
particularly  those  containing  tannin  or  gallic  acid,  of  forming 
msoluble  compounds;  but,  as  a  general  rule,  no  substances 
used  for  food  should  be  kept  in  leaden  vessels,  neither  should 
liquids  containing  free  acid,  or  in  which  a  vegetable  acid  is 
likely  to  be  formed,  be  kept  for  any  length  of  time  in  a  newly 
glazed  earthenware  vessel.    Dr.  Christison  relates  a  case  in 
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vUch  lead  colic,  paralvBis,  and  death  were  occasioned  by  eat- 
ing the  cream  which  formed  on  milk  kept  in  a  leaden  cistern. 
Vines  hare  been  accidentally  impregnated  with  oxide  of  lead, 
in  eonsequenoe  of  the  bottles  having  been  cleaned  with  shot, 
md  some  of  the  pellets  left  behind ;  the  impregnation  is  not 
Teiy  likely  to  occur  to  any  injurious  extent  in  good  wine,  such 
as  port  or  sherry,  but  in  acid  wines,  such  as  currant  or  gooser 
beiTT,  a  sufficient  quantity  of  the  oxide  might  be  dissolved  to 
proouce  serious  consequences.  Wines  hare  been  also  designedly 
adulterated  with  oxide  of  lead,  to  remove  their  acidity,  and  to 
give  them  a  sweet  taste ;  this  fraud  was  formerly  practised  to  a 
considerable  extent.     It  was  detected  and  exposed  in  France 
by  Fourcroy.     In  this  country  it  does  not  appear  to  have  been 
pursued  to  any  material  extent ;  though,  before  the  poisonous 
uature  of  lead  compounds  was  eenenuly  known,  British  wines 
must  have  been  frequently  adulterated,  for,  in  an  old  cookery 
book,  quoted  by  Sir  6.  Baker,  the  following  recipe  occurs : — 

"  To  hinder  Wine  from  turning, — Put  a  pound  of  melted  lead 
in  fiur  water  into  your  cask,  pretty  warm,  and  stop  it  dose.'* 

dder^  also,  is  apt  to  become  impregnated  with  salts  of  lead, 
in  eoQsequence  oi  the  metal  being  used  for  various  purposes  in 
the  construction  of  the  cider  house ;  and  although  the  source 
of  the  contamination  was  long  ago  pointed  out  by  Sir  George 
Baker,  so  recently  as  1841  a  set  of  cases  which  presented  the* 
incipient  symptoms  of  lead  colic  were  traced  by  MM.  Chevaliev 
and  Ollivier  to  cider  having  been  adulterated  with  lead  to  the 
smount  of  nearly  two  grains  and  a  half  per  quart,  in  consequence 
of  a  publican  having  kept  his  cider  for  two  days  in  a  vessel 
lined  with  lead.  The  poisonous  salt  was  found  to  be  meHate, 
Ntmrym  is  often  found  to  contain  lead,. which  it  derives  from 
the  worm  of  the  still;  old  rum^  on  the  contrary,  rarely  con- 
tains the  poison;  a  circumstance  which  affords  a  good  illustra- 
tion of  the  action  of  tannin  in  precipitating  the  metal  in  an 
insoluble  form,  for  Dr.  Traill  states  that  the  rum  intended  for 
immediate  consumption  is  collected  at  once  from  the  still  into 
glass  bottles,  while  that  intended  to  be  kept  is  received  into  oak 
casks. 

When  oxide  of  lead  has  to  be  looked  for  in  liquids  containing 
organic  substances,  a  little  nitric  acid  should  be  added  previous 
to  filtration,  in  order  to  redissolve  any  insoluble  compound 
formed  by  the  salts  of  lead  with  albumen  and  other  organic 
principles,  sulphuretted  hydrogen  is  then  transmitted  through 
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the  dear  liquor :  if  a  dark-coloured  precipitate  is  formed,  the 
whole  is  boiled  and  the  precipitate  collected  on  a  filter.  It  is 
washed  and  dried,  and  then  boiled  with  strong  nitric  acid,  by 
which  the  sulphide  of  lead  is  wholly  or  in  part  converted  into 
nitrate,  which  being  soluble  in  water  is  filtered,  neutralized  by 
ammonia,  and  submitted  to  the  general  reaeents  as  above. 
Should  it  be  necessary  to  examine  the  insoluble  matters,  they 
are  to  be  cut  in  small  pieces  and  incinerated  in  a  crucible 
with  four  parts  of  blacK  flux ;  any  lead  that  may  be  present 
will  be  found  fused  into  a  small  button  at  the  bottom  of  the 
crucible,  and  may  be  removed  from  the  carbonaceous  matters 
by  washing  with  water.  If  the  metal  is  in  the  form  of  dry 
oxide,  it  is  readily  detected  by  the  blowpipe  on  charcoal,  or 
by  mixing  it  with  paste,  spreading  the  mixture  on  a  piece  of 
card,  drying  and  burning  it,  when  metallic  lead  is  immediately 
produced. 

Poisoning  by  carbonate  of  lead  is  very  common  amongst  white* 
lead  manufacturers  and  painters;  the  poison  finds  its  way  into 
the  system  continuously  and  insidious!)'  in  minute  quantities, 
inducing  the  complaint  known  as  colica  pictorum  and  paralysis. 
Cases  of  this  form  of  poisoning  have  not  been  so  frequent  in 
manufactories  of  white  lead  since  the  practice  has  been  adopted 
of  grinding  the  carbonate  in  water.  Br.  A.  T.  Thompson  con- 
siders that  the  carbonate  is  the  onlv  compound  of  lead  which 
Possesses  poisonous  properties;  and  that  if  any  other  salt  in  small 
OSes  becomes  so,  it  is  m  consequence  of  its  conversion  into 
carbonate  in  the  body.  This  opinion  is  not,  however,  adopted 
by  Dr.  Christison,  or  by  Dr.  Alfred  Taylor.  Carbonate  of  lead 
is  known  by  the  following  properties : — (1)  it  is  blackened  by 
sulphuretted  hydrogen  ; — (2)  it  is  soluble  with  efiervescence  in 
nitric  acid  ;  if  however,  as  is  frequently  the  case  with  the  com- 
mercial carbonate,  it  contains  sulphate  of  lead  or  sulphate  of 
baryta,  the  two  latter  substances  remain  undissolved  by  the 
nitric  acid ;  the  presence  of  oxide  of  lead  in  the  nitric  acid 
solution  is  proved  by  the  tests  mentioned  above ;  (3)  it  is  de^ 
composed  when  ignited  on  platinum  foil,  leaving  oxide  of  lead 
of  a  yellow  colour ;  (4)  it  is  reduced  on  charcoal  by  the  blow- 
pipe, metallic  lead  being  produced. 

51.  Action  of  Water  on  Lead. 

Gmelin,  in  his  elaborate  '  Handbook  of  Chemistry,'  sums  up 
the  state  of  our  knowledge  of  the  circumstances  under  which 
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prater  becomes  impregnated  with  lead,  thus :— -1.  Clean  lead, 
in  eoniact  with  water  and  air,  free  from  carbonic  acid,  yields  a 
nlntion  of  oxide  of  lead,  which  turns  reddened  litmus-paper 
bine,  18  tamed  brown  bj.  sulphuretted  hydrogen,  and  gives  a 
vhte  precipitate  with  sulphuric  acid.    2.  Water,  freed  from 
iir  by  boiling,  does  not  dissolve  lead  when  kept  in  contact  with 
it  in  a  close  vessel.    8.  Water  which  has  been  agitated  with 
air  takes  up,  in  two  hours,  a  quantity  of  oxide  of  lead  amount- 
ing to  between  ^^55  and  ^y^^y^ ;  it  then  reddens  blue  litmus- 
paper,  and  giyes  a  brownish-black  precipitate  with  sulphuretted 
aydrogen.    4.  Spring  water,  containing  If  grains  of  saline 
matter  in  two  pints,  and  no  carbonic  acid,  when  passed  through 
a  leaden  tube  150  feet  Ions,  dissolves  a  quantity  of  lead  suf- 
ficieDt  to  give  a  brown  colour  with  sulphuretted  hydrogen. 
5.  ListUM  water,  in  contact  with  lead  and  air,  free  from  car- 
bonic acid,  dissolves  yfll^^  of  oxide,  acquires  an  alkaline  re- 
action, and  becomes  turbid  on  exposure  to  the  air.    Morveau 
vaa  the  first  to  notice  that  the  presence  of  small  quantities  of 
carbonic  acid,  sulphuric  acid,  or  of  various  salts,  either  prevents 
or  greatly  diminishes  the  quantity  of  oxide  of  lead  dissolved ; 
snd  Torke  found  that  when  clean  lead  was  exposed  to  spring 
Tater,  10  pounds  of  which  contained  1*21  grain  of  chloride  of 
Bodium  ana  chloride  of  calcium  together  with-  6'4  grains  of  car- 
bonate of  lime,  a  slight  deposit  of  brown  oxide  took  place  on 
the  Borface  of  the  metal,  but  no  oxide  was  dissolved.     In  rela- 
tion to  the  important  subject  of  the  contamination  of  water  by 
lead,  Christison  remarks :  ''Leaden  pipes  should  not  be  used 
for  conducting  water,  unless  lead  remains  untarnished  after 
twenty.four  hours*  immersion  ;  they  are  unfit  for  the  purpose 
if  the  water  contains  less  than  ^ft'o^th  of  its  weight  of  salts. 
If  the  quantity  of  salts  exceeds  this  limit,  and  the  salts  consist 
mainly  of  sulphates  and  carbonates,  leadea  pipes  may  be  used ; 
but  if  they  consist  chiefly  of  chlorides,  even  I  part  in  4000  is 
not  sufficient  to  prevent  the  solution  of  the  lead.'*    That  it  is 
^gerous,  however,  to  rely  on  the  "  preservative  aation  "  of 
>nlphates  and  carbonates,  even  when  the  water  contains  such 
nlta  in  considerable  quantities,  will  be  evident  from  the  follow- 
ing analysis,  made  by  the  author,  of  a  water,  the  action  of  which 
on  the  leaden  cistern  was  so  great  that  the  bottom  of  the  vessel 
was,  after  six  months,  eaten  into  holes.  One-gallon  of  this  water 
contained  nearly  78  grains  of  solid  matter,  the  composition  of 
which 
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SiUca 0-24 

Carbonate  of  lime 15*09 

Carbonate  of  magnesia 18*97 

Sulphate  of  lime 15*32 

Sulphate  of  potassa 6*79 

Sulphate  of  soda 10*77 

Chloride  of  sodium 11*46 

Organic  matters 4*10 

77*74 
If  the  organic  matters  dissolved  in  water  contain  nitrogen, 
nitric  acid  may  be  formed  by  the  oxidation  of  that  element^ 
which  may  be  greatly  promoted  by  the  presence  of  alkaline 
carbonates.  Water  impregnated  with  nitrates  acts  powerfully 
on  lead,  and  if  carbonates  and  sulphates  are  not  also  present, 
the  water  may  hold  in  solution  a  very  injurious  q^uantitv  of  lead 
salt.  This  is  illustrated  by  the  following  analysis,  made  by  the 
author,  of  a  well-water  mim  Highgate,  in  1848,  which  acted 
strongly  on  the  leaden  cistern  in  which  it  was  stored.  An  im* 
perial  gallon  contained — 

Silica 0*896 

Sulphate  of  potash 17*044 

Sulphate  of  soda 9*515 

Chloride  of  calcium 5*920 

Chloride  of  sodium 9  632 

Nitrate  of  lime 40120 

Nitrate  of  magnesia 17*064 

Organic  matters none 

100191 
In  their  chemical  report  on  the  supply  of  water  to  the  me- 
tropolis, addressed  to  the  Secretary  ot  State,  in  June,  1851^ 
Professors  G-raham,  Miller,  and  Hofmann  give  the  following^  as 
the  most  practical  conclusions  which  they  arrived  at  afiter  a 
lone;  inquiry,  undertaken  to  illustrate  the  action  of  water  on 
lead, — a  subject,  thev  obserye,  of  great  difficulty,  and  still  Ceut 
from  being  exhausted : — 

Certain  salts,  particularly  sulphates,  to  which  a  protecting 
effect  is  usually  ascribed,  did  not  appear  to  exercise  uniformly 
that  useful  property.  Some  salts,  on  the  other  hand,  sucK  aa 
chlorides,  and  more  particularly  nitratei^  increase  the  solvent 
action  of  water.    Of  all  protecting  actions,  that  of  carbonate 
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of  line,  dissolved  in  carbonic  acid,  appeared  to  be  the  most 
conndenble  and  surest.    The  soluble  oxide  of  lead  is  converted 
into  the  carbonate,  which,  although  not  absolutely  insoluble, 
appears  to  be  the.  least  soluble  of  all  the  salts  of  lead.     Pure 
vater  did  not  dissolve  a  quantity  of  carbonate  of  lead  greater 
than  ^  of  a    grain  to  the  eallon ;  while  water,  on  the  other 
liaiid,  which  contained  already  so  much  as  6  grains  of  lead  to 
the  g^on,  had  the  quantity  reduced  to  -g^T^  of  a  grain  by  free 
expoeore  to  the  atmosphere  for  twenty-four  hours,  the  lead 
bdng  deposited  as  carbonate  by  the  absorption  of  carbonic  acid. 
CarboDic  acid  is  usually  present  in  well,  river,  and  lake  waters, 
in  quantity  sufficient  for  protection  ;  and  the  immunity  of  such 
waters  from  lead  impregnation  is  probably  to  be  ascribed  more 
often  to  their  carbonic  acid  than  to  the  salts  which  they  may 
also  contain.     Organie  matter  in  soft  water  is  doubly  danger- 
ous, as  the  rapid  corrosion  which  it  occasions  may  be  followed 
bj  solution  of  the  lead  salt  formed.     As  an  illustration  of  the 
action  of  soft  water,  nearly  free  from  earthy  carbonates,  on  lead, 
even  when  no  soluble  organic  matter  is  present,  I  may  refer  to 
a  well-water  from  Hatton,  which  was  analysed  by  the  author,  at 
the  request  of  the  Lord  Chief  fiaron,  in  consequence  of  its 
daitructive  action  on  the  leaden  cistern.    This  water  con- 
tained 38*47  grains  of  saline  matter  per  imperial  gallon,  con- 
nstingof — 

Carbonate  of  lime 2*120 

Carbonate  of  magnesia    ....        *880 

Carbonate  of  soda 15*196 

Sulphate  of  potassa traces 

Sulphate  of  soda 10*456 

Chloride  of  sodium 9*288 

Protocarbonate  of  iron     ....        *480 
Silica 060 


38-470 

52.  Becognition  and  QiMntiiative  Estimation  of  Lead  in  Water. 

This,  fortunately,  is  attended  with  no  difficulties,  though  cer- 
tain precautions  are  necessary  when  the  water  contains  (as 
almost  all  natural  waters  do,  more  or  less)  soluble  organic 
Blatter.  We  possess,  in  sulphuretted  hydrogen,  a  test,  by  which 
the  presence  of  ^  of  a  grain  of  lead  is  indicated  in  one  gallon 
of  distilled  water  by  the  production  of  «  brown  tinge*    In 
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making  the  experiment,  tlie  beaker  should  be  placed  on  a  sheet 
of  white  paper,  and  a  second  beaker,  to  which  no  sulphuretted 
hydrogen  has  been  added,  should  be  placed  bj  its  side,  abo.on 
white  paper,  so  that  the  faintest  brown  tinge  may  be  rendered 
evident  by  comparison ;  a  few  drops  of  pure  hydrochloric  acid 
should  be  added  previous  to  the  application  of  the  test.    Dr. 
Smith,  in  his  investigation  of  the  action  of  the  waters  of  the 
Dee  and  the  Don  on  lead  pipes  and  cisterns,  employed  the 
tint  produced  by  sulphuretted  hydrogen  as  a  means  of  estima- 
ting, quantitatively,  the  amount  of  lead  deposited  in  water. 
1'6  grains  of  nitrate  of  lead  were  dissolved  in  1000  grains  of 
distilled  water;  a  solution  was  thus  prepared,  1000  grains  of 
which  contained  1  grain  of  metallic  lead.     Erom  an  accurately 
graduated  measure,  this  solution  was  dropped  into  a  gallon  of 
water  containing  no  lead,  until  a  transmission  of  sulphuretted 
hydrogen,  the  same  depth  of  tint,  was  developed  as  in  the  par- 
ticular case  on  trial.     Very  accurate  results  are  said  to  have 
been  obtained,  until  the  quantity  of  lead  exceeds  i  grain  per 
gallon,  when  the  colour  gets  so  dark  that  slight  differences 
cannot  be  discrimdnated :  7^  of  a  grain  of  lead  to  a  gallon  of 
pure  water  gave  a  tint  quite  perceptible,  that  is,  one  of  metallic 
Sead  in  ^even  millions,  and  a  less  quantity  could  readily  be  distin- 
guished by  careful  comparison,  even  in  specimens  previously 
containing  a  considerable  proportion  of  lead,  the  difference  of 
yj^th  of  a  grain  was  plainly  visible.    The  presence  of  organic 
matter  in  solution  in  water  interferes  materially  with  the  ac- 
tion of  sulphuretted  hydrogen  on  the  lead  which  it  may  con- 
tain ;  and,  as  Dr.  Smitn  informs  us  that  nearly  one-half  of  the 
solid  matter  in  the  water  of  the  river  Dee  consisted  of  organic 
matter,  it  would  appear  that  the  method  he  describes  could 
not  give  very  reliable  quantitative  results.  Previous  to  applying 
the  sulphuretted  hydrogen  test,  the  water  should  be  carefully 
evaporated  to  dryness  and  the  residue  ignited  in  a  small  porcelain 
capsule,  whereby  the  organic  matter  is  destroyed.     The  saline 
matter  should  be  moistened  with  nitric  acid,  and  then  warmed 
with  the  addition  of  acetic  acid  and  water,  and,  if  necessaiy, 
filtered.    To   estimate  the  amount  of   lead  quantitative^^  a 
galioQ  of  the  water  should  be  employed ;  it  should  be  gently 
evaporated  to  dryness,  and  the  residue  having'  been  moistened 
with  a  few  drops  of  nitric  acid  and*  ignited,  is  digested  with 
dilute  hydrochloric  acid  and  filtered.     The  solution  is  neutra- 
lized with  carbonate  of  soda^  and  acidified  with  acetic  acid  ;  a 
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Bmaill  quantitr  of  bichromate  of  potash  is  then  added,  and  the 
liquid  set  aside  for  some  hours.  If  a  yellow  precipitate  forms, 
it  is  ckr^mate  of  lead^  which  is  redissolyea  in  hydrochloric 
icid,  find  tartaric  acid  and  excess  of  ammonia  haying  been 
added,  sulphuretted  hydrogen  is  passed  through  the  solution. 
Tbe  precipitated  sulphide  of  lead  is  washed  by  decantatiop, 
and  converted  into  sulphate  by  evaporating  it  to  dryness  with 
a  little  fuming  nitric  acid  and  a  drop  or  two  of  sulphuric 
acid.  The  ignited  residue  contains  73*6  per  cent,  of  oxide  of 
lead. 

According  to  Taylor,  sulphuric  acid  fails  to  detect  -^  of  a 
grain  of  acetate  oi  lead  in  1  ounce  of  water,  and  begins  to 
form  a  decided  precipitate  only  when  the  quantity  amounts  to 
}  of  a  grain.  Iodide  of  potatsium  forms  a  rich  yellow  pre- 
cipitate with  soluble  salts  of  lead,  which  is  soluble  to  some  ex- 
tent in  boiling  water,  separating  again,  as  the  solution  cools,  in 
the  form  of  magnificent  golden-coloured  shiniog  plates ;  it  fails, 
However,  according  to  Taylor,  to  indicate  the  presence  of  ^  a 
gnin  of  lead  in  12  ounces  of  water. 

53.  Oxide  of  Siltxb.     (AgO.) 

General  charaetere. — As  obtained  by  dropping  solution  of 
lutrate  of  silver  into  eaueHc  potaeea,  it  is  a  greyish-brown 
powder;  but,  if  the  solutions  are  concentrated  and  boiling, 
the  oxide  precipitates  as  a  heavy  black  powder.  Exposed  to 
the  rays  oi  the  sun,  it  disengages  a  certain  quantity  of^  oxygen, 
and  turns  black.  It  is  entirely  reduced  by  ignition.  It  is 
•iigbtly  soluble  in  pure  water,  and  in  water  of  barytes.  It 
nacts  alkaline  to  test  paper,  and  displaces  from  their  combina- 
^na  with  the  alkalies  a  portion  of  the  acids,  with  which  it 
%m8  insoluble  compounds.  It  combines  with  caustic  ammonia, 
ginng  rise  to  a  dangerous  substance  (fulminating  silver).  It 
'eadily  dissolves  in  nitric  and  other  acids. 

Comportment  of  eolutione  of  Salts  of  Silver  with  reagents, 
(Solution  of  UTitriite  of  Silyer  may  be  used.) 

Poiaua  and  ammonia  produce  a  light  brown  precipitate, 
'^ly  soluble  in  ammonia  (A^O,HO). 
.  The  carbonated  alkalies  produce  a  white  precipitate,  soluble 
i&  carbonate  of  ammonia  (AgOjCO^). 

Phosphate  of  soda  produces,  in  neutral  solutions,  a  yellow 
precipitate,  soluble  in  ammonia  (3AgO,P05).     Solution  of 
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ignited  phospliate  of  soda  (2NaO,P05)  gives  a  white  precipi- 
tate (2AgO,POB). 

Ferrocyanide  of  potastium  gives  a  white  precipitate. 

Ihrridcyanideqfpotasnum  produces  a  reddish-brown  precipi- 
tate. 

Ohromate  of  potatsa  produces  a  rich  brown  precipitate. 

Frototulphate  of  Won  produces  a  white  precipitate,  consisting 
of  metallic  silver. 

Hydrochloric  acid  and  the  soluble  chlorides  produce  a  white 
curd^  precipitate  even  in  exceedingly  dilute  solutions.  This 
precipitate  becomes  violet,  and  finallj  black,  without,  however, 
suffering  decomposition  bj  exposure  to  light.  It  is  insoluble 
in  dilute  acids,  out  readily  soluble  in  ammonia.  When  heated 
it  fuses,  without  decomposition,  into  a  homy  mass.  If  the 
solution  of  silver  be  exceedingly  dilute,  hydrochloric  acid  pro- 
duces an  opalescent  appearance. 

A  bar  of  metallic  zinc  precipitates  silver  from  its  solution  in 
the  metallic  state. 

Hydrosulphuric  acid  produces  a  black  precipitate,  both  in 
acid  and  in  neutral  solutions.   (AgS.) 

Sulphide  of  ammonium  gives  a  black  precipitate,  insoluble  in 
excess. 

Before  the  hlowpipCy  mixed  with  carbonate  of  soda,  and 
heated  on  charcoal,  salts  of  silver  are  readily  reduced,  while  no 
incrustation  takes  place. 

Characteristic  reaction, — That  with  hydrochloric  acid. 

54.  SVBOXIDB  01*  MlBCUBT.     (Hg^O.) 

General  characters. — It  is  a  black  powder  which  a  very  gentle 
heat  converts  into  metallic  mercury  and  oxide  of  mercury,  and 
a  stronger  heat  into  mercury  and  oxygen  gas.  The  black  pow- 
der obtoined  by  the  long-continued  agitation  of  the  metal,  and 
which  was  supposed  to  consist  of  this  oxide,  is  probably  only 
the  metal  in  a  state  of  very  fine  division.  The  soluble  salts  of 
this  oxide  redden  litmus-paper,  and  are  decomposed,  when  mixed 
with  much  water,  into  soluble  acid,  and  insoluble  basic  salts. 

Comportment  of  solutions  of  Salts  of  Suboxide  of  Mercury  with 

reagents, 
(Solution  of  Nitrate  of  Suboxide  of  Merouiy  may  be  u«ed.) 
Potassa  and  ammonia  produce  a  black  precipitate  insoluble 
in  excess  (HgsO,HO). 
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Alkaline  carbonates  produce  a  diriy-yellow  precipitate  which 
turns  black  by  boiling. 

Fhotphate  of  soda  produces  a  white  precipitate. 

Ferroeyanide  of  potasnwn  produces  a  white  gelatinous  pre- 
cipitate. 

Ferrideyanide  of  potassium  gires  a  reddish-brown  precipitate^ 
which  gradually  becomes  white. 

Iodide  of  potassium  produces  a  greenish-yeDow  precipitate, 
soluble  in  excess.   (Hggl.) 

Chromate  of  potassa  produces  a  red  precipitate. 

Sydrosulphurie  acid  produces  a  black  precipitate,  both  in 
add  and  neutral  solutions.  (HggS.) 

Sulphide  of  ammonium  produces  a  black  precipitate,  insoluble 
in  excess,  but  decomposed  by  potassa  into  sulphide  of  meiroury 
and  metallic  mercury.  It  is  not  decomposea  or  dissolved  by 
boiling  nitric  acid,  but  easily  by  aqua  regia. 

A  bar  of  metallic  zinc  throws  down  an  amalgam  of  zinc  and 
mercury. 

Hydrochloric  acid  and  soluble  chlorides  produce  a  white  pre- 
cipitate (Hgg  CI),  insoluble  in  acids,  but  rendered  black  by  po- 
tassa and  ammonia,  the  suboxide  being  formed. 

Protochloride  of  tin  produces  a  grey  precipitate,  which, 
boiling,  resolves  into  globules  of  metallic  mercury.  A  drop 
of  solution  of  a  salt  of  suboxide  of  mercury,  rubbed  with  a 
rag  on  a  piece  of  bright  copper,  leaves  a  silvery  stain,  which 
disappears  when  it  is  heatea  to  redness. 

Brfore  the  blotopipey  mixed  with  carbonate  of  soda,  and 
heated  in  a  glass  tube,  metallic  mercury  sublimes  in  the  form 
of  a  grey  powder,  which,  on  being  rubbed  with  a  glass  rod, 
is  resolved  into  globules.  Calomel  (Hg^Cl)  should  be  used 
for  this  experiment. 

Oharacteristie  reactions* — Those  with  hydrochloric  aeid^  po- 
tassa, and  ammonia. 

55.  OXJDB  O?  MSBOUBT.      (Hg  O.) 

General  characters, — It  is  a  brick-red  crystalline  powder; 
but  when  finely  pulverized  has  a  yellow  tinge.  At  a  slightly 
elevated  temperature  it  turns  black,  but  it  regains  its  red 
colour  on  cooling.  At  a  red  heat  it  is  resolved  into  oxygen 
gas  and  metallic  mercury,  and  is  entirely  volatilized.  In  this 
manner  the  presence  of  impurities,  red-lead  or  brick-dust,  may 
be  detected.  It  dissolves  readily  in  acids,  but  is  not  acted  on 
by  ammonia. 
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Comportment  of  solution*  of  Salts  of  Oxide  of  Mercury  with 

reoffcnts, 

(Solution  of  Corrosive  Sublimate  (HgG)  maj  be  used.) 

Potassa  produces  a  yellow  precipitate  (HgO,HO}  insoluble 
in  excess.  If  an  insufficient  quantity  of  the  alkali  be  added, 
the  precipitate  is  reddish-brown.  The  presence  of  ammoniacal 
salts  causes  the  formation  of  a  white  precipitate,  which  is  a 
compound  of  amidide  of  mercury  with  undecomposed  mercury 
salts.    Thus : 

2HgCl+NH8=(HgNH<|HgCl)  +  HCL 

Fixed  carbonated  alkalies  produce  a  reddish-brown  precipi- 
tate, insoluble  in  excess,  but  converted,  in  the  presence  of 
ammoniacal  salts,  into  the  above  white  product. 

Carbonate  of  ammonia  produces  a  white  precipitate. 

Fhosphate  of  soda  proauces  a  white  precipitate. 

Ferrocyanide  of  potassium  produces  a  white  precipitate,  which 
eyentually  becomes  blue. 

Ferridcyanide  of  potassium  produces,  in  solutions  of  the  ni- 
trate and  sulphate,  a  yellow  precipitate;  in  solutions  of  the 
chloride,  none. 

Hydrosulphuric  acid  and  sulphide  of  ammonium  give  rise  to 
different-coloured  precipitates  according  to  the  quantity  of  the 
reagent  added.  If  it  be  added  in  small  quantity,  and  the  solu- 
tion agitated,  the  precipitate  is  white,  being  a  compound  of 
sulphide  of  mercury  and  undecomposed  salt ;  the  addition  of 
larger  quantities  causes  the  precipitate  to  assume,  successively, 
a  yellow,  orange,  brown,  red,  and  black  colour.  (Hg  S.)  The 
sulphide  of  mercury  is  soluble  in  solution  of  potassa,  but  not 
in  boiling  nitric  acid,  though  it  dissolves  readily  in  aqua  regia. 

Iodide  of  potassium  produces  a  cinnabar-red  precipitate,  so- 
luble in  excess.  (Hgl.)  It  crystallizes  out  of  a  hot  solution  in 
magnificent  crimson  spangles. 

Protochloride  of  tin  added  in  small  quantity  to  a  solution  of 
chloride  of  mercury,  gives  rise  to  the  precipitation  of  subchloride. 

2  H^  CI -f  Sn  CI = HgjjCl  +  Sn  CL. 
When  the  reagent  is  added  in  excess,  the  subchloride  is  in  its 
turn  decomposed,  a  erey  powder  being  formed,  which  may,  by 
boiling  with  a  few  drops  of  hydrochloric  acid,  be  united  into 
globules  of  metallic  mercury. 

Hgji  CI  +  Sn  CI  =  Hg-  +  Sn  Clg. 

The  Galvanic  Tests. — On  placing  a  drop  of  a  strong  solution  of 
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conoBiTe  sublimate  on  a  gold  coin,  and  touching  the  latter 
through  the  solution  with  an  iron  point,  the  mercury  will  be 
deposited  on  the  coin  in  the  form  of  a  bright  silvery  stain. 
This  elegant  test  has  been  modified  in  a  yariety  of  ways.  By 
the  folloyringprooess  of  Deverge  distinct  indications  are  obtained 
where  the  poison  does  not  form  more  than  an  80,000fch  part  of 
the  water.  A  thin  plate  of  gold,  and  another  of  tin,  a  few  lines 
broad,  and  two  or  three  inches  long,  are  closely  applied  to 
one  another  by  silk  threads  at  the  ends,  and  then  twisted  spi- 
rally ;  this  small  galvanic  pile  is  left  for  twenty-four  or  twenty- 
six  hours  in  the  solution  previously  acidified  with  hydrochloric 
acid,  upon  which  the  gold  is  found  whitened,  and  mercury 
may  be  obtained  in  globules  by  heating  the  gold  in  a  tube. 
For  facility  of  application,  an  important  condition  is,  that  the 
quantity  of  fluid  should  not  exceed  three  or  four  ounces,  because, 
in  a  larser  quantity,  a  pile  of  the  sise  stated  cannot  remove 
the  whole  of  the  mercury. 

Cfharaeteristie  reactions. — ^Those  with  potasta  and  ammonia. 

56.  J^oisoning  hy  Mercury •    Detection  of  the  Metal  in  Organic 

Mixtures. 

Prom  the  researches  of  M.  Boullay  and  Professor  Orfila,  it 
appears  that  various  vegetable  fluids,  extracts,  etc.,  possess  the 
power  of  decomposing  corrosive  sublimate,  a  portion  of  the 
chlorine  being  graduaUy  disengaged  in  the  form  of  hydro- 
chloric acid ;  the  salt  is  consequently  •converted  into  calomel, 
which  is  deposited  in  a  state  of  mixture,  or  combination  with 
vegetable  matter.  It  has  been  further  shown  by  Professor 
Ti^dei,  of  Florence,  that  yZu^^n  possesses  the  same  property  in 
a  remarkable  degree,  and  that  that  vegetable  principle  is  capa- 
ble of  removing  the  poison  completely  from  its  solution,  form- 
ing with  it  a  ternary  compound  of  protochhride  qf  merewry 
and  gluten.  Among  soluble  vegetable  principles,  albumen^ 
casein  J  and  gelatin  possess  similar  properties ;  hence  solution  of 
albumen  is  an  antidote  against  the  effects  of  the  poison, 
Yarions  insoluble  animal  principles  have  been  likewise  shown 
to  act  on  corrosive  sublimate  in  the  same  manner  as  vege- 
table gluten,  and  this  chemical  action  appears  to  be  the 
source  of  the  corrosive  property  of  the  poison.  With  these 
fiicts  before  us,  it  is  evident  that  in  examining  cases  of  poi- 
soning by  corrosive  sublimate,  we  must  not  always  expect  to 
find  it  in  a  state  of  solution^  even  though  it  may  have  been  re- 
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oeived  into  the  stomach  in  considerable  quantities.  The  atten* 
tion  of  the  toxicologist  must,  therefore,  be  directed  to  both  the 
liquid  and  the  solid  portions. 

1.  Examination  of  the  liquid  portion, — It  is  filtered  from  the 
solid  matter,  and  a  portion  tested  with  protochloride  of  tin  or 
br  the  galranic  test.  Should  evidence  of  the  poison  be  thus 
obtained,  the  remainder  of  the  solution  is  mixed  with  half  its 
volume  of  ether  and  well  agitated :  on  allowing  it  to  stand  some 
time,  the  greater  part  of  the  ether  rises  to  the  surface,  and  may 
be  removed  bj  a  pipette.  It  should  then  be  filtered,  and  eva- 
porated to  dryness,  or  distilled ;  and  the  residue,  being  redis- 
solved  in  water,  is  submitted  to  the  proper  tests.  Br.  Taylor 
does  not  find  this  process  to  answer  unless  the  poison  is  present 
in  a  moderately  large  proportion.  He  therefore  recommends 
to  acidulate  the  suspected  fluid  with  hydrochloric  acid,  and  to 
immerse  in  it  a  narrow  slip  of  finely  laminated  zinc,  round 
which  a  spiral  slip  of  fine  gold-foil  has  been  twisted :  if  at  the 
end  of  five  or  six  hours  the  gold  still  retains  its  bright  colour, 
no  corrosive  sublimate  is  present.  Should  it,  on  the  other 
hand,  be  tarnished,  it  is  washed,  first  in  ether,  and  then  in 
water,  dried,  and  heated  in  a  small  reduction  tube  to  obtain  a 
sublimate  of  the  nietaL 

2.  ExeminnHon  of  the  inwJuble  matters, — They  are  boiled 
with  distilled  water,  and  the  liquid  having  been  filtered  is  tested 
as  above  described.  Should  no  trace  of  the  poison  be  thus 
obtained.  Dr.  Christison  triturates  the  whole  of  the  insoluble 
matters  with  protochloride  of  tin,  and  collects  and  washes  the 
coagulum  formed ;  he  then  boils  it  with  a  moderately  strong 
solution  of  caustic  potassa  in  a  glased  porcelain  vessel  till  all 
the  lumps  have  disappeared.  The  animal  and  vegetable  matters, 
and  oxide  of  tin  united  with  them  are  thus  dissolved,  and  a 
powder  of  metallic  mercury,  generally  easily  discernible  with 
a  small  magnifier,  subsides.  To  separate  it,  the  solution  is 
allowed  to  remain  at  rest  at  a  temperature  little  short  of  ebul- 
lition for  fifteen  or  twenty  minutes ;  the  vessel  is  then  filled  up 
with  hot  water,  and  the  fatty  matters  which  float  on  the  sur- 
face skimmed  ofiT.  After  two  or  three  affusions,  the  black  pow- 
der is  transferred  to  a  smaller  vessel,  and  finally  dried,  and  sub- 
limed in  a  small  tube.  By  this  mode  of  operating,  Dr.  Chris- 
tison has  detected  a  quarter  of  a  grain  of  corrosive  sublimate 
mixed  with  two  ounces  of  beef,  or  with  five  ounces  of  new 
milk,  or  porter,  or  tea,  made  with  a  liberal  allowance  of  cream 
and  sugar.    He  has  also  thus  detected  a  tenth  part  of  a  grain 
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in  four  ounces  of  the  last  mixture,  that  is  in  19,200  times  its 
weight.  Dr.  Tajlor  directs  that  the  coagulum  obtained  by. tri- 
turating the  organic  mixture  with  protochloride  of  tin  should 
be  well  boiled  in  strong  hydrochloric  acid  previous  to  digesting 
it  with  caustic  potassa,  in  order  to  separate  the  mercury  from 
the  oxide  of  tin  and  organic  matters,  and  to  estimate  it  quanti- 
tatively. In  cases  where  the  quantity  of  poison  is  small,  oe  has 
found  this  mode  of  treatment  to  be  troublesome  and  not  unat- 
tended with  risk.  In  such  cases,  he  prefers  the  galvanic  test, 
by  which  he  states  that  he  has  detected  one-sixteenth  part  of  a 
grain  of  corrosive  sublimate  dissolved  in  one  ounce  or  organic 
liquid,  and  obtained  metallic  mercury  from  it  in  less  than  half 
an  hoar ;  and  he  does  not  think  it  possible  to  conceive  a  case 
where,  in  an  analysis  of  this  kind,  the  galvanic  test  would  not 
be  immediately  applicable. 

In  the  '  Comptes-Bendus,'  March  31,  1845,  MM.  Danger 
and  Tlandin  have  described  their  method  of  extracting  mer- 
cury from  the  liver  of  an  animal  poisoned  by  corrosive  sub- 
limate: the  process  is  nothing  more  than  a  modification  of 
the  galvanic  test,  but  the  experiments  are  valuable  as  proving 
the  absorption  of  the  poison.  Their  process  is  as  follows : — 
The  animal  substance  finely  cut  up  is  heated  to  about  212% 
with  one-third  or  half  its  weight  of  strong  sulphuric  acid ;  in 
en  hour  or  two,  the  whole  forms  a  dark  carbonaceous-looking 
liquid.  It  is  allowed  to  cool,  apd  chloride  of  lime  gradually 
added.  The  liquid  becomes  whiter  and  more  viscid.  Tbe  quan- 
tity of  chloride  used  is  about  equal  to  the  weight  of  the  sul- 
phuric acid ;  it  is  added  until  the  whole  appears  like  a  white 
calcareous  mass.  The  dried  residue  is  then  digested  in  abso- 
lute alcohol,  which  dissolves  the  mercurial  compound.  It  is 
now  diluted  with  water,  and  the  earthy  residue  repeatedly 
washed,  the  liquids  being  afterwards  mixed  and  concentrated. 
The  concentrated  liquid  is  placed  in  a  funnel  terminating  at  an 
angle  of  90°  in  a  capillary  point — the  galvanic  plates  of  gold 
and  tin  being  introduced  into  the  contracted  part  of  the  funnel. 
In  this  way  every  drop  of  the  liquid  comes  in  contact  with  the 
metals,  and  the  gold  is  slowly  covered  with  mercury.  They 
state  that  they  have  thus  detected  the  metal  in  a  solution  con- 
taining the  100,000th  part.  According  to  Dr.  Taylor,  it  is  easy 
to  detect  corrosive  sublimate  in  organic  solids  by  simply  boiling 
them  with  copper  gauze  and  a  few  drops  of  hydrochloric  acid. 

It  must  be  observed  that  Orfila  takes  an  exception  to  the  em- 
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ployment  of  tin  and  gold  as  the  galvanic  elements,  and  on  these 
grounds : — "  Some  ^wt,"  he  says,  "  may,  after  a  time,  be  dis- 
solved, and  precipitated  on  the  gold,  and  thus  simulate  the  ap- 
pearance of  mercury ;  the  whitened  gold,  when  exposed  to  heat, 
may  even  recover  its  golden  colour ;  the  whitening  of  the  gold 
does  not,  therefore,  absolutely  demonstrate  the  existence  of  a 
mercurial  compound  in  the  suspected  substance ;  and,  if  the 
fluid  metal  cannot  be  afterwards  obtained  in  distinct  globules, 
the  evidence  must  be  regarded  as  inconclusive/* 

When  corrosive  sublimate  is  contained  in  organic  substances 
(albumen,  etc.),  insoluble  in  water,  Bose  recommends  to  digest 
them  in  ammonia  in  preference  to  potassa,  the  mercury  being 
subsequently  precipitated  on  copper  much  more  readily  from  an 
ammonical  than  from  a  potassa  solution ;  and,  in  cases  where 
ammonia  fails  to  effect  a  solution,  he  prefers  the  following  me- 
thod of  treatment  to  the  ordinary  one  of  digesting  with  nitric 
acid : — ^The  dried  substance  mixed  with  about  a  quarter  of  its 
weight  of  carbonate  of  potassa  is  introduced  into  a  capacious 
retort,  and  distilled  at  a  heat  gradually  increasing  to  redness : 
the  mercury  rises  and  is  condensed  in  the  neck  of  the  retort, 
where  it  can  easily  be  distinguished  from  the  brown  viscid  em* 
pyreumatic  oil  which  passes  over  at  the  same  time.  If  the  or- 
ganic matter  contained  onlv  slight  traces  of  mercury,  the  whole 
of  the  metal  is  found  in  the  neck  of  the  retort,  none  passing 
with  the  oil  into  the  receiver. 

67.  Tesoxidb  of  Bismuth.    (BiOj.) 

General  charaeters, — When  pure,  it  is  of  a  straw-yellow 
colour,  and  melts  at  a  strong  red-heat  to  an  opaque  glass,  which, 
while  hot,  is  dark-brown  or  black,  but  on  cooling  becomes 
yellow ;  when  melted  with  silica,  alumina,  or  metallic  oxides, 
it  dissolves  them  readily.  The  oxide  precipitated  by  water  re- 
tains nitric  acid,  from  which  it  may  be  freed  by  caustic  potassa 
or  soda,  which  convert  it  into  a  hydrate.  It  is  easily  reduced 
by  ignition  with  organic  substances  or  charcoal  powder.  Its 
salts  are  colourless. 

Comportment  of  solutions  of  Salts  of  Bismuth  with  reagents* 
(Solution  of  Nitrate  of  Teroxide  of  Bismuth  may  be  used.) 
Potassa  and  ammonia  produce  white  precipitates,  insoluble 
in  excess. 

Alkaline  carbonates  and  phosphate  of  soda  produce  white  pre- 
cipitates. 
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Rrroeyahide  ofpotagnum  occasiooaa  white  precipitate,  in- 
soluble in  hydrocnloric  acid. 

Forrideyamde  of  potauium  produces  a  light  yellow  precipi- 
tate, soluble  in  hydrochloric  acid. 

Iodide  ofpoUuHum  produces  a  brown  precipitate^  readily  so- 
Inble  in  excess. 

Chromate  ofpotaega  produces  a  yellow  precipitate,  soluble  in 
dilute  nitric  acid. 

Hydrotulphurie  aeid  and  rndphide  of  ammonium  produce  a 
black  precipitate  both  in  acid  and  neutral  solutions,  insoluble 
in  excess,  and  in  dilute  nitric  acid,  but  soluble  in  boiling  nitric 
add.    (BiS^.) 

Before  the  blowpipe,  heated  on  charcoal  in  the  reducing  flame, 
salts  of  bismuth  are  easily  reduced  to  brittle  globules,  which 
spring  to  pieces  under  the  hammer ;  the  charcoal  at  the  same; 
tune  oecomes  covered  with  a  yellow  incrustation. 
.  OharaeterUtie  reaction. — The  neutral  salts  of  bismuth  are 
distinguished  by  their  property  of  being  decoipposed  by  water 
into  a  soluble  acid,  and  an  insoluble  hasie  salt.  The  chloride 
of  bismuth  exhibits  this  property  in  the  most  marked  manner. 
The  insoluble  basic  bismuth  salt  is  distinguished  from  the  basic 
salt  of  antimony  formed  under  similar  circumstances  by  its 
being  insoluble  in  tartaric  aeid. 

68.  Oxide  or  Gadhitth.    (CdO.) 

General  characters. — The  colour  of  this  oxide  varies  accord- 
ing to  its  state  of  aggregation.  It  is  sometimes  of  a  deep  red- 
brown,  sometimes  clear  brown,  and  occasionallv  black.  It  is 
infusible,  and  does  not  volatilize  at  exceedingly  high  tempera- 
tures ;  but,  when  mixed  with  powdered  charcoal,  it  is  reduced 
by  heat,  and  the  metal  bums  and  volatilizes.  By  Ions-continued 
gentle  ebullition  of  the  metal,  the  oxide  may  be  obtained,  ac- 
cording to  Herapath,in  long  pui^le  needles,  opaque,  and  grouped 
in  rays.  Its  hvdrate  is  white ;  it  loses  its  water  by  heat,  and 
absorbs  carbonic  acid  from  the  air.  It  is  not  soluble  in  the 
&ted  alkalies,  but  it  dissolves  in  caustic  ammonia.  It  dissolves 
easily  in  acids,  forming  colourless  solutions. 

Comportment  of  solutions  of  Salts  of  Cadmium  with  reagents. 
(Solution  of  Chloride  of  Cadmium  may  be  used.) 
Fotassa  and  ammonia  produce  a  white  precipitate  (H  0,  Gd  0)» 
insoluble  in  potassa,  but  easily  soluble  in  ammonia. 
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The  earboncfted  alkalies  produce  a  white  precipitate  (CdO, 
CO2),  insoluble  in  excess  :  ammoniacal  salts  do  not  prevent  the 
formation  of  this  precipitate. 

Fhosphate  of  soda  produces  a  white  precipitate. 

Oxalic  add  produces  a  precipitate  soluble  in  ammonia. 

^ffsrrocyanide  qf  potassium  produces  a  slightly  yellow  precipi* 
tate,  soluble  in  hydrochloric  acid. 

Ferridcyanide  of  potassium  produces  a  yellow  precipitate,  also 
soluble  in  hydrochloric  acid. 

HydrasuiphuHc  acid  and  sulphide  of  ammonium  produce  a 
rich  yellow  precipitate  (OdS),  insoluble  in  excess,  ana  in  dilute 
acids  and  aliEalies,  but  decomposed  by  boiling  and  concentrated 
nitric  acid. 

A  bar  of  metallic  zinc  precipitates  the  metal  firom  its  solutions 
in  the  form  of  small,  glancing,  grey-coloured  spangles. 

Before  the  blowpipe,  heated  with  carbonate  of  soda  on  char- 
coal, the  metal  is  reduced  and  volatilizes,  leaving  a  dark  yellow- 
red  incrustation. 

Characteristic  reactions, — ^Those  with  hydrosulphurie  oeiJ  and 
sulphide  of  ammonium, 

59.   OXIDB  OF  COFFIR.      (CuO.) 

General  characters, — It  is  pulverulent,  and  of  a  black  colour ; 
at  a  high  temperature  it  fuses,  and  on  cooling  exhibits  a  crys- 
talline fracture.  By  particular  management,  Becquerel  obtained 
it  in  the  form  of  fine  tetrahedral  crystals,  having  a  high  metallic 
lustre.  Heated  with  charcoal,  or  in  contact  with  organic  matter, 
it  is  reduced  either  to  metallic  copper  or  to  the  suboxide.  It 
dissolves  easily  in  acids  with  the  disengagement  of  heat,  and  its 
solutions  have  mostly  a  blue  or  a  green  colour.  Its  hydrate  is 
blue ;  but  at  the  temperature  of  boiling  water  it  becomes  black, 
a  property  which  interferes  with  its  employment  as  a  pigment. 
It  does  not  unite  in  the  humid  way  with  the  caustic  alkalies ; 
but  at  a  red-heat  it  combines  with  both  alkalies  and  earths, 
forming  blue  or  green  compounds.  Caustic  alkalies  containing 
organic  matters  dissolve  it,  forming  blue  or  purple  compounds. 

Comportment  of  solutions  of  Salts  of  Copper  with  reagents. 

(Solution  of  Sulphate  of  Copper  maj  be  used.) 
Potassa  produces  a  voluminous  blue  precipitate  (HO, CuO), 
which  by  boiling  loses  water  and  becomes  black. 

Ammonia  added  in  small  quantities  producee  a  green  basic 
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salt,  which  dissolyes  in  excess,  forming  a  fine  blae  solution.  Tn 
this  solution  potassa  produces  in  the  cold  a  blue  precipitate, 
which  bj  boiling  becomes  black. 

Carhanaie  of  potasta  produces  a  greenish-blue  precipitate  of 
basic  carbonate  of  copper,  which  by  boiling  is  conyerted  into 
black  oxide. 

(hrhonate  of  ammonia  behaves  precisely  as  ammonia. 

Phosphate  of  soda  produces  a  greenish-white  precipitate^  so- 
luble in  ammonia,  forming  a  blue  solution. 

Berroeyamde  ofpoiauium  produces  a  chocolate-brown  preci- 
pitate, insoluble  in  dilute  acids,  but  decomposed  by  potassa. 
(CujCfy.) 

^  Forrvieyanide  of  potassium  produces  a  yellowish-green  preci- 
pitate, insoluble  in  dilute  acids. 

Cyanide  of  potassiwn  nroduces  a  yellowish-green  cyanide, 
soluble  in  excess  of  cyaniae  of  potassium. 

Ohromate  qf  potassa  produces  a  reddish-brown  precipitate, 
soluble  in  ammonia,  forming  an  emerald-green  solution,  soluble 
also  in  dilute  nitric  acid. 

Hydrosulphwrie  aeid  and  sulphide  of  ammonium  produce  a 
black  precipitate  (CuS),  slightly  soluble  in  excess  of  sulphide 
qf  ammonium,  but  insoluble  in  caustic  alkalies,  and  in  sulphide 
^potassium,  and  in  dilute  acids.  It  is  readily  decomposed  by 
boiling  nitric  acid,  and  is  completely  soluble  in  cyanide  of 
potassium. 

Metallic  iron,  when  introduced  into  solutions  of  oxide  of 
copper,  becomes  covered  with  a  deposit  of  reduced  copper. 

Before  the  blowpipe,  salts  of  copper  heated  with  borax  or  mi- 
crocosmic  salt  in  the  oxidating  flame,  gives  a  grass-green  bead, 
becoming  blue  on  cooling ;  in  the  reducing  &me  the  glass  is 
red  and  opaque ;  mixed  with  carbonate  of  soda,  and  heated  on 
charcoal  m  the  inner  flame  the  metal  is  reduced,  and  gives  a 
bead  of  metallic  copper. 

Characteristic  reactions.'^ThoBe  with  ammonia  and  ferrth 
eyamde  of  potassium.  Solutions  of  salts  of  sesquioxide  ofura* 
mum  produce  a  chocolate-brown  precipitate  with  ferrocyanide 
of  potassium ;  but  they  are  at  once  disibin^ished  from  salts  of 
copper  by  their  comportment  with  ammonia. 

60.  Poisoning  by  Salts  qf  Copper,  and  detection  of  the  Metal  in 

Organic  Mixtures, 

It  was  long  ago  shown  by  Orfila  that  albumen,  milk,  tea. 
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coffee,  etc.,  possess  the  property  of  decomposing  solutions  of 
the  salts  of  copper,  throwing  down  the  oxide  in  union  with 
various  proximate  principles.  He  also  found  that  red  wine, 
bile,  vomited  matters,  and  the  tissues  composing  the  stomach, 
although  they  do  not  decompose  the  soluble  copper  salts,  alter 
materiallj  the  action  of  reagents  on  them.  The  following  me- 
thod, however,  is  applicable  to  all  cases.  If  the  suspected  sub- 
stance be  a  liquid,  it  is  filtered,  and,  as  a  trial  teist,  a  dean 
needle  is  suspended  in  it,  and  allowed  to  remain  for  some  hours; 
i^  at  the  expiration  of  that  time,  no  red  coating  should  be  de» 
posited  on  it,  it  is  certain  that  no  detectable  quantity  of  the 
poison  is  present.  That  the  presence  of  a  large  quantity  of 
organic  matter  does  not  interfere  with  the  action  of  this  simple 
test,  is  proved  b^  the  following  experiment  of  Dr.  Taylor.  Ha 
dissolved  one-third  of  a  ^in  of  sulphate  of  copper  in  water, 
and  mixed  the  solution  with  four  ounces  of  thick  gruel.  Am- 
monia produced  no  effect  on  this  liquid,  and  ferrocyanide  of 
potassium  gave  only  a  faint  reddish-brown  discoloration.  Two 
drops  of  diluted  sulphuric  acid  were  added,  and  a  bright  needle 
suspended  in  the  liquid  by  a  thread :  in  twenty-four  hours  the 
needle  was  covered  with  a  distinct  film  of  copper.  The  quan- 
tity of  copper  salt  here  present  was  less  than  the  6000th  part 
of  the  solution.  If,  then,  the  needle  has  indicated  copper,  a 
stream  of  sulphuretted  hydrogen  is  passed  through  the  liquor, 
and  the  precipitated  sulphide  of  copper  washed,  dried,  and 
digested  with  strong  nitric  acid,  by  which  it  is  converted  into 
a  mixture  of  nitrate  and  sulphate ;  it  is  filtered  off  from  the 
separated  sulphmr,  and  the  blue  solution  submitted  to  the  above- 
mentioned  tests  for  the  detection  of  the  metal.  If  the  sub- 
stance to  be  examined  is  too  viscid  for  filtration.  Dr.  Christison 
passes  it  through  a  muslin  sieve,  adds  two  volumes  of  rectified 
spirit  when  cool,  and  then  filters.  Another  process  may  be 
adopted.  The  filtered  liquid  is  placed  in  a  platinum  crucible, 
dilute  sulphuric  acid  added,  and  a  strip  of  zinc  introduced ; 
wherever  the  platinum  is  touched  by  the  zinc,  metallic  copper 
is  deposited,  and  after  having  in  this  way  coated  the  platinum 
capsule,  the  surplus  liquid  is  poured  ofi^  and  the  capsule  well 
washed  out ;  a  few  .drops  of  nitric  acid,  with  a  small  quantity  of 
water,  may  be  used  to  dissolve  out  the  copper.  In  this  way  a 
pure  solution  of  nitrate  of  copper  may  be  obtained,  and  the 
metal,  if  in  moderate  quantity,  may  thus  be  separated  from  the 
most  complex  organic  fluids. 
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Bat  all  these  processes  maj  fail  to  give  any  proofs  of  the  ex- 
istence of  copper,  and  yet  the  poison  may  be  present  in  a  state 
of  intimate  union  with  some  organic  principles,  or  with  the 
mucous  membrane  of  the  stomach,  in  which  cases  it  would  be 
insoluble.  The  following  process  must  then  be  adopted.  The 
solid  substance  is  cut  into  small  pieces,  and  added  in  successive 
portions  to  an  equal  weight  of  nitric  add ;  the  mixture  is  then 
neated  in  a  porcelain  basin,  with  a  fifteenth  part  of  chlorate  of 
potassa.  Alter  the  whole  has  been  added,  the  product  is  heated 
till  it  becomes  dark-red  and  thick.  The  charring  beinc^  com- 
plete, the  carbonaceous  mass  is  pulverized,  then  boiled  with 
nitric  acid  diluted  with  its  own  volume  of  water,  evaporated  to 
dryness,  redissolved,  and  the  clear  filtered  solution  tested  with 
reagents.  It  must  be  mentioned,  however,  that  objections  have 
been  raised  against  this  mode  of  treatment,  or  rather  against 
the  conclusions  that  might  be  drawn  from  them,  on  the  ground 
that  copper  exists  naturally  as  a  constituent  part  of  many  ani- 
mal ana  vegetable  substances,  and  more  especially  in  the  organs 
of  the  Human  body.  Meissner  and  Sarzeau  have  examined  a 
great  many  vegetaole  substances,  and  the  latter  chemist  states 
that  he  has  succeeded  in  separating  metallic  copper  from  cAmi*. 
ehona  bark,  madder,  coffee,  wheat,  and  flour.  Devergie,  M.  O. 
Henry,  and  Orfila  assert  that  they  have  detected  traces  of  cop- 
per by  the  process  of  incineration,  in  the  bodies  of  animab  not 
poisoned  with  the  preparations  of  that  metal.  Chevreul,  on  the 
other  hand,  coidd  detect  no  traces  of  copper  in  bee^  veal,  or 
mutton,  and  more  recently  MM.  Danger  and  Elandin  have 
positively  denied  that  copper  is  ever  found  naturally  in  the 
human  body.  An  extensive  inquiry  into  this  subject  was  un- 
dertaken by  M.  Boutigny,  who  thinks  that  he  has  traced  the 
presence  of  copper  in  ve|;etable  substances  to  its  existence  in 
the  manures  used  for  raising  the  different  crops,  and  in  animal 
substances  either  to  their  having  been  preserved  or  prepared  in 
copper  vessels,  or  to  the  animals  having  been  fed  on  vegetables; 
which  had  received  a  cupreous  impregnation  from  the  cause 
above  mentioned.  Anotner  chemist  traced  the  copper  which 
made  its  appearance  in  his  experiments  to  the  filtenng-paper 
he  was  using.  Dr.  Taylor  remarks,  in  reference  to  this  subr 
ject,  that  in  a  practical  view  the  objection  amounts  to  nothings 
since  there  would  be  ver^  few  cases  in  which  all  the  chemical 
efvidenee  rested  on  the  incineration  of  the  viscera,  abundant 
proofs  of  the  poison  being  generally  afforded  by  an  analysis  of 
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the  contents  of  tbe  stomach  $  the  normal  copper  said  to  exist  in 
food  has  not  been  found  to  form  more  than  the  lOO^OOOth  part 
of  the  food  examined ;  and  if  the  imputation  of  poisoning  were 
well  founded,  and  copper  were  discovered  at  aU,  the  metal  would 
be  in  infinitely  larger  proportion,  so  as  to  leave  no  doubt  of  its 
actual  admixture. 

A  not  unfrequent  cause  of  accidental  poisoning  by  salts  of 
copper  arises  from  the  action  of  certain  articles  of  food  on  the 
metal  when  used  for  culinary  purposes.  Pure  water  may  be 
kept  for  any  length  of  time  in  a  clean  copper  vessel,  without 
becoming  in  the  least  impregnated  with  the  metal,  provided  the 
air  be  excluded ;  if,  however,  air  has  access,  a  hydrated  car- 
bonate, mixed  with  oxide  of  copper,  is  gradually  formed.  If 
the  water  contain  common  salt,  or  various  other  saline  matters, 
it  is  found  to  exert  a  ^eater  or  less  action  on  the  metal,  and 
to  become  impregnated  with  it.  It  appears,  however,  from  the 
experiments  of  Falconer  and  EUer,  that  neither  milk,  tea^  coffee, 
beer,  cabbage,  potatoes,  and  sundry  other  vegetables  exert  the 
least  action  on  clean  copper  vessels,  even  by  long  boiling ;  but, 
if  the  vessel  be  not  thoroughly  clean,  all  acid  substances  dis- 
solve the  carbonate  that  encrusts  it,  especially  if  lefb  in  it  for 
some  time.  Oily  and  fatty  matters,  also,  if  left  for  some  time 
in  copper  vessels,  become  contaminated  to  such  an  extent  aa  to 
acquire  a  nauseous  coppery  taste  and  a  distinct  green  colour. 

It  was  observed  by  I)r.  Falconer  that  syrup  of  lemons  might 
be  boiled  for  fifteen  minutes,  in  copper  or  brass  pans,  without 
acquiring  any  sensible  impregnation ;  but  if  it  was  allowed  to 
cool,  and  remain  in  the  pans  for  twenty-four  hours,  the  impreg- 
nation was  discoverable  by  the  test  of  metallic  iron,  and  was 
perceptible  to  the  taste,  rroust  made  the  same  observations 
with  regard  to  food  prepared  in  copper  vessels ;  and  Dr.  Ghris- 
tison  quotes  a  fatal  accident  whicn  occurred  from  a  servant 
having  left  some  sour-krout  for  only  a  couple  of  hours  in  a 
copper  vessel  which  had  lost  the  tinning.  As  a  general  rule, 
no  articles  of  food  which  contain  saline,  acid,  or  oily  principles, 
should  be  prepared  in  copper  vessels.  Vinegar  is  occasionally 
found  to  contain  traces  of  copper ;  and  it  is  a  well-known  fact 
that  sulphate  of  copper  is  sometimes  employed  for  the  purpose 
of  giving  a  rich  green  colour  to  preserved  /ruits  and  vegetable 
pickles ;  the  presence  of  the  poisonous  metal  is  easily  detected 
by  the  iron  test.  In  many  old  cookery  books,  balance  are 
directed  to  be  put  amongst  the  pickles^  to  give  them  a  fine; 
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green  colour.  In  order  to  prevent  accidental  impregnations, 
copper  vessels  employed  in  cookery  are  coated  with  an  alloj  of 
tin  and  lead ;  there  is  no  danger  to  be  apprehended  from  the- 
latter  metal,  for,  although  some  of  its  salts  are  poisonous,  it 
has  been  ascertained  that  the  substances  which  possess  the  pro- 
perty of  dissolving  lead  cannot  attack  that  metal  before  the 
whole  of  the  tin  in  the  alloy  is  oxidated.  Sulphate  of  copper 
was,  some  years  ago,  extensively  employed  in  France  by  bakers,' 
who  used  it  to  accelerate  the  panary  fermentation ;  the  pro- 
portion required  being  an  ounce  of  the  salt  in  two  pints  of 
water  for  every  hundredweight  of  dough.  Some  chemists  have 
denied  that  sulphate  of  copper  possesses  any  such  property  as 
that  imputed  to  it  by  the  French  bakers  ;  but,  from  the  experi- 
ments of  MevUnk,  it  appears  that  not  only  does  the  fermenta- 
tion of  the  dough  take  place  more  quickly,  but  that  the  adul- 
terated loaves,  when  taken  out  of  tne  oven,  are  much  whiter 
and  much  better  raised  than  those  not  adulterated ;  he  found 
that,  if  more  than  eight  grains  of  the  salt  were  added  to  half  a 
Flemish  pound  of  dough,  it  could  be  detected  by  a  peculiar 
taste  and  a  slight  green  colour.  He  found,  moreover,  that  the 
employment  of  the  salt  of  copper,  even  in  the  small  proportion 
of  one  grain,  had  the  singular  effect  of  bringing  about  the  com- 
plete fermentation  of  the  dough  with  considerably  less  loss  of 
weieht  than  occurs  in  the  common  process  of  baking ;  the  loss 
in  tne  sound  and  in  the  adulterated  loaves  being  in  the  pro- 
portion of  116  to  100.  These  remarkable  results  appear  to  re- 
quire confirmation ;  but,  if  they  are  correct,  the  object  of  the 
French  bakers  in  employing  sulphate  of  copper  is  easilv  ex- 
t)lained,  the  practice  being  a  fraud  on  the  puolic,  by  enaoling 
them  to  make  their  loaves  of  a  standard  weight  with  a  less  al- 
lowance of  nutritive  material.  It  does  not  appear  that  this 
practice  has  extended  to  England.  A  case  of  poisoning  by 
copper,  from  the  use  of  German  silver,  which  contains  fifty  per 
cent,  of  copper,  is  mentioned  by  Dr.  Taylor.  It  appears  that  a 
spoon  made  of  this  material  had  been  left  in  an  earthenware 
veesel  in  which  eels  had  been  cooked  with  butter  and  vinegar ; 
and  chemical  analysis  showed  that  the  cupreous  poison  nad 
thereby  been  introciuced. 

61.  Oxide  of  PALLAnnrM.    (PdO.) 

General  eharaeters. — It  is  a  black  powder,  acted  upon  with 
great  difficulty  by  acids.    The  hydrate  is  of  a  deep  brown  eo- 


108  QUALITATIVE   ANALYSIS. 

lour,  and  parts  with  its  water  only  at  a  high  temperature.  Its 
solution  in  nitric  and  nitro-hydnKshloric  acid  has  a  red-brown 
colour. 

CompoHmefU  ofioluHotu  of  Salts  of  Palladium  with  reagerUi, 
(Solution  of  Chloride  of  FaUadinm  may  be  used.) 

Potasta  precipitates  a  yellowish-brown  basic  salt,  soluble  in 
excess. 

Ammonia  precipitates  from  solution  of  chloride  of  palladium 
a  compound  of  chloride  of  palladium  and  ammonia  (PdClyNHs). 
soluble  in  excess  of  ammonia. 

Carbonated  alkaliet  precipitate  a  yellowish-brown  basic  salt, 
soluble  in  excess  of  the  precipitants. 

':'  Cyanide  qfpotasHum  and  cycmide  ijf  mereury  produce  a  yel- 
lowish-white precipitate  of  cyanide  of  palladium,  soluble  in  great 
excess  of  hycuochloric  acid. 

Hydrostiphurie  acid  and  ntlphide  of  ammonium  produce  a 
black  precipitate,  insoluble  in  sulphide  of  ammonium. 

Protoehhride  of  tin  produces  a  black  precipitate,  soluble  in 
hydrochloric  acid,  forming  an  intense  green  solution. 
.   Palladium  saUe  are  reduced  by  sulphurous  aeid,  and  by  being 
heated  with  a  salt  oi  oxide  of  iron,  or  with  &formiate. 
'    Characteristic  reactions. — Those  with  cyanide  of  potassium^ 
cyanide  of  mercury,  sjii  protochloride  of  tin. 

62.  SxsQUioxiDX  ov  Bhodiuic.     (B9O3.) 

General  characters. — The  metal,  as  well  as  the  anhydrous 
^esquioxide,  is  insoluble  even  in  boiling  aqua^egia.  Both, 
however,  are  dissolved  by  fusion  with  hisulphate  ofpotassa,  or 
<m  heating  a  mixture  of  Doth  with  chloride  of  sodium  to  red- 
ness and  passing  over  it  a  stream  of  chlorine. ,  The  colour  of 
the  hvdrated  oxide  is  greenish-grey.  The  haloid  salts  of  this 
metal  are  red :  the  oxysalts  yellow,  red,  or  brown. 

Comportment  of  Salts  of  Sesquioxide  ofShodium  with 

reagents. 

Potassa  does  not  occasion  any  immediate  precipitate;  but 
after  protracted  digestion  a  precipitate  of  a  greenish-yellow  co- 
lour makes  its  appearance,  soluble  in  excess  of  the  precipitant. 

Ammonia  and  carbonate  of  ammonia  produce,  after  a  time,  a 
yellow  precipitate,  composed  of  sesquioxide  of  rhodium  and 
ammonia^  which  is  soluble  in  hydrochloric  acid. 
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*   Iodide  ofpotaiMium  throws  down  yeUow  iodide  of  rhodium. 

Hydroiul^hurio  acid  and  9ulphide  of  ammonium  produce,  after 
a  time,  a  dark-brown  precipitate. 

All  the  salts  of  rhodium  are  decomposed,  and  the  metal  is 
reduced  bj  exposure  to  a  gentle  heat  in  contact  with  dry  hy- 
drogen gas.  They  are  decomposed  also  by  iron  and  zinc,  which 
cause  a  deposit  of  metallic  rhodium. 

63.  OZIDBS  07  OSHITTIC.     (OsO ;  08s03;0802;  OsO^.) 

.  The  presence  of  osmium  is  discorered  in  its  salts  by  mixing 
them  with  a  little  carbonate  of  soda,  and  heating  on  platinum 
foil ;  the  metal  is  conyerted  into  osmic  acid,  which  possesses  an 
extremely  acrid  and  penetrating  odour  like  chloride  of  sulphur^ 
attacking  powerfully  the  olfactory  and  respiratory  organs,  and 
producing,  even  in  minute  quantities,  a  burning  sensation  in 
the  eyes.  It  communicates  also  a  considerable  brilliancy  to 
flame.  The  metal  itself  is  whitish,  like  platinum,  but  less  bril- 
liant. It  is  easily  pulverized.  It  dissolves  in  nitric  acid  and 
in  aqua-regia,  osmic  acid  passing  over  with  the  water  of  the 
acid.  Osmic  acid  is  easily  reduced  by  many  metals  and  organic 
compounds.  Solutions  of  salts  of  oxide  of  osmium  are  precipi- 
tated by'  h^dro9ulphuric  acid  and  sulphide  of  ammonium  as  a 
brownish-black  sulphide,  insoluble  in  sulphide  of  ammonium. 

General  Eemarhs  on  the  Oxides  of  the  Fifth  Qroup,  {Section  A,) 

The  metallic  oxides  constituting  this  section  admit  of  a  divi- 
sion into  two  sub-sections  by  their  comportment  with  hydro- 
chloric acid.  Three  of  them,  viz.  oxide  of  lead^  oxide  of  silver^ 
and  oxide  of  mercury,  are  precipitated  by  that  reagent ;  the 
others  are  not.  Of  the  chlorides  thus  formed,  chloride  of  silver 
is  easily  separated  from  the  other  two  by  ammonia,  in  which 
it  is  perfectly  soluble,  and  from  which  it  is  again  precipitated 
by  nitric  acid.  The  same  alkali  decomposes  svhchloride  of 
mercury,  converting  the  metal  into  black  suboxide,  from  which 
chloride  of  lead  may  be  removed  by  boiling  water,  and  the 
metal  tested  for  in  the  clear  solution  by  any  of  the  reagents 
mentioned  under  its  head.  The  insolubility  of  sulphide  of 
mercury  in  nitric  acid  serves  to  separate  this  metal  from  all 
the  others  in  the  group.  The  precipitates  caused  by  potassa 
and  ammonia  in  solutions  of  oxide  of  cadmium  and  oxide  of  cop* 
per  are  soluble  in  ammonia  ;  those  of  the  others  are  not ;  but 
the  hydriUed  oxide  of  copper  is  soluble  also  in  carbonate  of 
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ammonia.  Hy&raUd oxide  of  eadmium  has  no  such  property; 
inoreoFer,  the  blue  colour  of  the  ammoniacal  solution  oi  oxtde 
of  copper  is  perfectly  characteristic  of  that  metal.  Oadmiwmy 
again,  is  distin^shed  by  the  colour  of  its  sulphide,  which, 
being  insoluble  m  sulphide  of  ammonium^  distinguishes  it  from 
the  yellow  sulphides  of  some  of  the  metals  in  the  next  group, 
all  of  which  are  soluble  in  iulphide  of  ammonium.  Oxide  of 
bismuth  is  readily  detected  by  the  decomposition  of  its  salts  by 
water.  Salts  of  palladium  are  recognized  by  their  behaviour 
with  cyanide  of  mercury  and  cyanide  of  potassium.  The  insolu- 
bility of  oxide  of  rhodium  in  acids,  and  the  colour  of  its  salts, 
serve  to  distinguish  this  metal ;  and  the  presence  of  osmium 
compounds  is  recognized  by  the  penetrating  odour  of  osmie  acid. 


GROUP  v.— Section  B. 

MetaUio  oxides  precipitated  l^m  their  aoid  solutions  by 
Hydrosulphurio  Acid,  but  not  from  their  alkaline 
solutions,  their  sulphides  being  soluble  in  alkaline 
sulphides. 

(AtUimonyf  Anemc,  Tin^  Platinum,  Iridium^  Gold,  Selenmm,  Tsllutium, 

Tungsten,  Vanadiumy  Moiybdemm,) 

64.  TsBoxiDX  or  Antimony.    (SbOj.) 

General  characters, — It  is  a  white  powder,  having  a  great 
tendency  to  assume  the  cryHtalline  form ;  by  sublimation  it  is 
obtained  in  brilliant,  white,  prismatic  crystals,  in  which  state 
it  is  sometimes  met  with  naturally  ;  heated  in  the  air,  it  burns, 
emitting  a  white  smoke,  and  becomes  partly  converted  into  an- 
timonious  acid  (8b  O^).  Heated  in  a  close  vessel,  it  melts  into 
a  yellow  liquid,  which  on  cooling  becomes  nearly  white  and 
crystalline ;  at  a  higher  temperature  it  sublimes,  leaving  no 
residue.  It  is  dissolved  in  small  quantities  by  boiling  water. 
This  oxide  is  insoluble  in  nitric  acid ;  but  it  dissolves  in  hydro- 
chloric acid,  and  the  solution  is  decomposed  by  water,  a  basic 
salt  being  separated,  which  is  readily  dissolved  by  tartaric  acid 
and  acetic  acids ;  and  a  certain  quantity  of  the  oxide  is  held  in 
solution  by  the  liberated  acid. 

6  SbCl3+15  HO=(SbCl3,5  SbOj)  +  15HCL 
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Compartment  of  solutions  of  Salts  of  Teroxide  of  Antimony  with 

reagents, 

(Solution  of  Sesquichloride  of  Antimony  may  be  used.) 

Fotassa  and  ammonia  produce  white  precipitatee,  soluble  in 
potassa. 

Alkaline  carbonates  and  phosphate  of  soda  behave  in  a  similar 
manner. 

MetalUe  zinc  throws  down  metallic  antimony  as  a  black 
powder ;  if  nitric  acid  be  present,  the  sesquioxide  is  precipi* 
tated  at  the  same  time. 

Mydrosulphuric  acid  throws  downfrom  acid  solutions  an  orange 
yellow  precipitate  (SbSg),  readily  soluble  in  excess  and  in  po- 
iassa;  but  very  sparingly  soluble  in  ammonios  and  almost  entirely 
insoluble  in  earhonate  of  ammonia.  It  is  insoluble  in  dilute  acids, 
but  is  decomposed  by  concentrated  and  boiling  hydrochloric  add.; 
the  precipitate  is  very  incompletely  formed  in  neutral  solutions. 

Sulphide  of  ammonium  produces  an  orange-yellow  precipitate, 
eompletely  soluble  in  excess. 

Tne  solution  of  double  tartrate  of  antimony  and  potassa 
(tartar  emetic)  is  only  precipitated  after  a  time  by  alkalies  and 
their  carbonates. 

^it^'mony  possesses  the  property  of  forming  a  gaseous  combii- 
nation  with  hydrogen ;  the  union  of  these  two  bodies  may  be 
brought  about  by  adding  zinc  and  sulphuric  acid  to  a  solution 
containing  the  oxide,  which  becomes  aeoxidized  by  the  zinc;  a 
portion  of  the  metal  unites  with  the  hydrogen  of  the  water, 
which  is  at  the  same  time  decomposed.  Antimoniuretted  hy^ 
droffen  is  inflammable,  burning  with  a  bluish-green  flame,  and 
emitting  copious  fumes  of  sesquioxide ;  if  the  flame  be  allowed 
to  impinge  on  a  cold  surface,  such  as  a  porcelain  plate,  a  dark 
spot  of  reduced  antimony  will  be  produced.  If  the  gas,  as  it 
proceeds  from  an  evolution  flask,  be  allowed  to  pass  along  a 
norizontal  tube  of  hard  German  glass,  and  the  tube  be  heated 
to  redness  at  a  certain  point,  decomposition  of  the  gas  will  take 
place  at  that  spot,  on  both  sides  of  which  a  brilliant  mirror  of 
metallic  antimony  will  be  deposited :  if  oow  a  stream  of  dry 
sulphuretted  hydrogen  be  allowed  to  pass  through  the  tube, 
the  bright  mirror  will  vanish,  and  a  deposit  of  a  more  or  less 
intense  yellow  colour  will  take  its  place,  the  antimony  being 
converted  into  sulphide.  If  now  the  flask  in  which  sulphuretted 
hydrogen  is  generating  be  removed,  and  its  place  supplied  by 
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one  containing  tbe  materials  for  generating  hydrocbloric  add 
gas,  and  if  a  gentle  stream  of  this  gas  be  sent  through  the  tube, 
the  yellow  deposit  wiU  vanish,  the  eulphide  being  converted  into 
chloride,  whicn  being  volatile  may  oe  conveyed  with  the  gas 
into  a  vessel  of  water,  in  which  the  presence  of  antimony  may 
then  be  proved  by  acidulating  it  with  hydrochloric  acid,  and 
transmittmg  through  it  a  stream  of  sulphuretted  hydrogen  fi;as. 

Before  tho  blowpipe^  mixed  with  carbonate  of  soda  on  chari- 
coal,  oxide  of  antimony  is  easily  reduced,  and  brilliant  metallic 
globules  obtained;  the  metal  fuses  and  volatilizes,  covering 
the  charcoal  with  a  white  incrustation,  amongst  which  needle- 
shaped  crystals  frequently  appear. 

uharacterisHe  reacHone. — The  orange-coloured  precipitate 
ynth  hydroeuJphurio  acid;  the  decomposition  of  neutral  salts 
by  water,  and  the  solubility  of  the  precipitate  thus  produced 
IB  tartarie  acid. 

65.  Detection  of  Antimony  in  Organic  Mixtures. 

When  tartar  emetic  has  to  be  sought  for  in  organic  mixtures, 
it  may  be  necessary  to  examine  the  solid  as  well  as  the  liquid 
portions,  in  consequence  of  the  property  possessed  by  certain 
organic  principles,  particularly  such  as  contain  tannin^  of  form- 
ing with  oxide  of  antimony  insoluble  precipitates.  The  subject 
of  analysis  is  acidulated  with  hydrochloric  and  tartaric  acids, 
and  filtered.  As  a  trial  test,  a  piece  of  paper  may  be  dipped  in 
tiie  clear  liquid,  and  then  immersed  m  sulphide  of  ammo- 
nium ;  the  production  of  an  orange-red  stain  indicates  anti- 
mony. The  whole  of  the  filtrate  is  now  treated  with  sulphu- 
retted hydrogen,  and  the  precipitate,  after  being  well  washed, 
is  boilect  with  strong  hydrochloric  acid,  and  the  solution  mixed 
with  a  large  quantity  of  water ;  the  formation  of  a  dense  white 
precipitate  is  characteristic  of  antimony  (the  oxychloride). 
Should  no  indication  of  antimony  be  obtained  from  the  liquid 
portion,  the  solid  residuum  on  the  filter  must  be  boiled  for 
some  time  with  a  strong  solution  of  tartaric  acid,  filtered,  and 
treated  precisely  as  above.  It  may  still  be  necessaiy  to  examine 
the  tissues  of  the  body.  Orfila  directs  thus : — The  thoroughljr 
dried  viscera,  etc.,  are  boiled  with  concentrated  nitric  acid  until 
dissolved;  the  mass  is  then  evaporated  to  dryness  and  car- 
bonized ;  the  carbonized  residue  is  digested  with  nitro-muri- 
atic  acid,  by  which  all  the  antimony  is  converted  into  chloride ; 
a  portion  is  then  examined  in  Marsh's  apparatus  for  an  anti- 
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motiial  sublimate,  and  anotber  portion,  after  being  eyaporated 
to  dryness,  is  moistened  witn  sulphide  of  ammonium.  In 
tbis  way,  Orfila  succeeded  in  obtaining  proof  that  antimony  is 
absorbed ;  he  thus  detected  it  in  the  hver. 

It  must  be  remembered,  that  as  preparations  of  antimony 
are  used  as  medicine,  it  is  not  the  discoyery  of  small  quantities 
of  the  metal  that  can  be  received  as  a  proof  of  intentional  poi- 
soning, as  in  the  case  of  arsenic.  Taylor  says  that  tartar  emetic 
is  by  no  means  so  poisonous  as  it  is  often  described  to  be,  and 
that  though  in  doses  of  from  half  an  ounce  to  an  ounce,  or  less,  it 
must  be  regarded  as  an  irritant  poison,  it  has  been  administered 
in  doses  of  40  grains  in  twenty-four  hours  to  an  adult  without 
occasioning  any  serious  mischief. 

66.  Abseitious  Acid.    (AsOg.) 

C^eneral  eharaoten. — ^As  met  with  in  commerce,  this  acid  is 
almost  completely  pure ;  it  is  without  smell  and  almost  with- 
out taste ;  if  kept  for  some  time  in  contact  with  the  tongue,  it 
induces  a  slightly  bitter  taste,  which,  however,  leaves  one  of 
sweetness.  It  sublimes  before  entering  into  fusion ;  but  with 
certain  precautions  it  may  be  fused  in  close  vessels,  and  ob- 
tained on  cooling  in  the  form  of  a  colourless  transparent  glass. 
When  sublimed  in  a  current  of  air,  it  forms  fine  octahedral 
crystals.  Its  vapour  is  without  colour  or  taste;  the  odour 
which  accompanies  it  is  due  either  to  the  reduction  of  the 
metal  or  to  the  formation  of  a  lower  oxide.  This  acid  has  two 
isomeric  modifications,  one  of  which  is  represented  by  the  vitreous 
and  the  other  by  the  milky  variety.  Toe  latter  was  supposed 
to  be  merely  the  result  of  an  admixture  of  water;  but  it  has 
been  ascertained  that  the  two  varieties  differ  both  in  their 
specific  gravity  and  in  their  chemical  properties.  The  action 
of  water  on  arsenious  acid  is  materially  influenced  by  circum- 
stances. According  to  Taylor  (Guy's  Hospital  Beports,  iv.  81), 
hot  water,  cooling  from  212^  on  the  poison  in  powder,  dissolves 
about  T^th  part  of  its  weight :  this  is  in  the  proportion  of 
nearly  1}  grain  to  about  1  fluid  ounce  of  water.  According 
to  the  same  authority  (Taylor  on  Poisons,  second  edition,  p. 
855),  water  boiled  for  an  hour  on  the  poison  and  allowed  to 
cool,  holds  dissolved  the  40th  part  of  its  weight,  or  about  11 
grains  to  1  ounce.  Cold  water  allowed  to  stand  for  manv 
hours  on  the  poison  does  not  dissolve  more  than  from  the  lOOOtb 
to  the  600th  part  of  its  weight ;  that  is,  i  grain  to  1  grain  of 
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arsenic  to  nearly  1  fluid  onnce  of  water.  The  presence  of  or- 
ganic matter  in  a  liquid  renders  arsenious  acid  much  less 
soluble.  ThttSy  Taylor  found  that  hot  tea  with  milk  and  sugar 
and  cold  porter  did  not  take  up  more  than  about  i  grain  to 
the  ounce ;  while  hot  coffee  and  cold  brandy  did  not  dissolve 
more  than  1  grain  to  the  fluid  ounce.  The  aqueous  solution 
of  the  acid  reddens  paper  tinged  with  infusion  of  turnsole. 
Eose  has  observed  that  a  saturated  solution  of  the  vitreous  acid 
in  hydrochloric  acid  deposits  on  cooling  oct-ahedral  crystals, 
during  the  formation  of  which  flashes  of  light  may  be  observed 
in  the  dark :  neither  of  these  phenomena  occur  with  the  milky 
variety.  The  great  diversity  of  statements  made  with  regard 
to  the  solubilitv  of  arsenious  acid  in  water,  has  arisen  not 
only  from  the  difference  of  the  two  varieties  in  this  respect, 
but  also  probably  from  the  different  manner  in  which  the  ex- 
periments have  been  made.  Arsenious  acid  dissolves  much 
more  readily  in  acids  than  in  water,  and  is  deposited  unaltered 
on  cooling  from  hot  solutions.  It  forms  a  class  of  salts  called 
artseniie*,  all  of  which  are  poisonous,  though  not  so  eminently  so 
as  the  acid  itself.  The  best  antidote  to  this  poison  is  hydrated 
sesquiaxide  of  iron^  perfectly  free  from  alkali,  which  has  not 
been  dried,  but  preserved  in  a  gelatinous  state  saturated  with 
water ;  arsenious  acid  forms  with  this  oxide  a  basic  insoluble 
salt.  Perhaps  the  best  method  of  administering  this  antidote 
is  in  the  form  of  a  completely  saturated  solution  of  the  hy- 
drated  sesquioxide  in  acetic  acid. 

Comportment  ofAreeniotu  Acid  with  rea^ente, 

Hydroeulphuric  acid  produces  in  aqueous  solutions  of  arse- 
nious acid  a  very  slow  precipitation ;  but  in  the  presence  of 
free  hydrochloric  acid  an  immediate  precipitate  ot  9^lphar8e' 
nious  acid  (AsSj))  of  a  bright  yellow  colour  is  produced.  This 
precipitate  is  easily  soluble  in  alkaliee,  alkaline  carbonates,  and 
alkaline  sulphides  ;  it  is  also  decomposed  by  boiling  nitric  acid, 
though  it  is  nearly  insoluble  in  hydrochloric  acid.  When  fused 
with  an  alkaline  carbonate  and  nitre,  it  is  decomposed,  the  pro- 
ducts being  arseniated  and  sulphated  alkali.  When  an  alkaline 
solution  of  suipharsenious  acia  is  boiled  with  oxide  of  copper, 
sulphide  of  copper  and  arseniated  alkali  are  formed. 

W  hen  vapours  of  suipharsenious  acid  are  passed  over  ienited 
lime,  sulphide  of  arsenic,  sulphide  of  calcium,  and  arseniate  of 
lime  are  formed  with  the  separation  of  arsenic. 
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When  salphanenious  acid  is  fused  with  cyanide  of  potas- 
sium, sulphocyanide  of  potassium  is  formed  and  arsenic  is  set 
free.  2As83+8KCy=3KCySa+As8. 

This  experiment  is  best  made  bj  introducing  a  mixture  of 
one  part  of  sulpharsenious  acid  with  ten  or  twelve  parts  of  a 
mixture  of  two  parts  of  dry  carbonate  of  soda  and  one  part  of 
ejamde  of  potassium  into  a  glass  tube,  drawn  out  as  shown  in 
Fig.  37,  and  heated  to  redness  while  a  current  of  dry  carbonic 
acid  gas  is  passed  over  it ;  the  arsenic  is  deposited  on  the  cold 
surface  of  the  narrow  part  of  the  tube  in  the  form  of  a  shining 
mirror. 

A  is  a  flask  containing  lumps  of  marble,  provided  with  a 
funnel-tube,  through  which  hydrochloric  acid  is  passed  for  the 
generation  of  carbonic  acid,   b  is  a  smaller  flask  containing  oil 


Fig.  37. 

of  vitriol,  in  passing  through  which  the  carbonic  acid  becomes 
dried.  The  mixture  of  sulpharsenious  acid  with  cyanide  of  po- 
tassium and  carbonate  of  soda  is  introduced  into  the  tube  c  d 
of  hard  glass  so  as  to  occupy  about  an  inch.  The  dry  carbonic 
acid  is  allowed  to  flow  slowly  for  some  time  through  the  tube, 
it  is  then  heated  by  a  spirit  lamp,  at  first  gently,  and  then  to  a 
full  red-heat,  until  the  mass  is  completely  fused ;  reduction 
takes  place,  and  the  vapours  of  metallic  arsenic  are  carried  for- 
ward and  condensed  in  the  narrow  part  of  the  tube  at  d,  where 
a  lustrous  mirror  or  a  grey  film  (according  to  the  quantity  of 
arsenic)  is  deposited.  The  reduction  being  complete,  the  lamp 
is  removed  and  carbonic  acid  is  allowed  to  pass  slowly  througn 
the  tube  till  it  is  cold.  That  portion  of  the  tube  containing 
the  mirror  is  then  cut  off  with  a  file  and  digested  with  strong 
nitric  acid,  by  which  it  is  converted  into  arsenic  acid;  the 
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mtric  solution  ie  then  evaporated  till  tbe  ezcefls  of  acid  ie  ex- 
pelled, a  few  drops  of  nitrate  of  silver  are  added,  and  then  (if 
necessary)  a  drop  of  ammonia,  npon  which  the  bricl>red  pre- 
cipitate characteristic  of  arseniate  of  Mver  is  obtained. 

Arsenious  and  sulpharsoniout  acids  are  easily  reduced  by 
mixing  them  with  three  or  four  times  their  weight  of  black 
fiux  (obtained  by  deflagrating  equal  weights  of  cream  of  tartar 
and  nitre  in  a  red-hot  earthen  crucible)  and  heating  the  mix- 
ture in  a  small  tube  of  hard  glass.  The  flux,  previously  well 
dried,  is  well  mixed  in  a  mortar  with  the  arsenious  or  the  sul- 
pharsenious  acid,  and  the  mixture  is  introduced  into  a  glass  tube 
about  the  diameter  of  a  common  quill  and  shaped  as  in  one  of 
the  forms  indicated  in  Fig.  88.    The  gentle  heat  of  a  spirit  or 


Fig.  38. 

gas  lamp  is  applied,  and  in  a  short  time  metaUic  arsenic  will 
make  its  appearance  on  the  upper  part  of  the  tube,  in  the  form 
of  a  brilliant  steel-like  mirror.  Supposing  sulpharsenious  acdd 
to  have  been  the  arsenical  compound  employed,  the  following 
represents  the  reaction  : — 

AsSs+8(KO;C08)+8C  =  3KS+8C08+8CO+A8. 
When  the  tube  is  cold,  that  portion  on  which  the  arsenic  is  de- 
posited is  removed  by  a  file ;  it  is  broken  up  into  small  frag- 
ments, placed  in  a  long,  clean,  dry  test-tube,  and  heated  gently 
over  a  gas  or  spirit  lamp,  the  tube  being  held  in  an  indined 
position ;  the  arsenic  becomes  oxidized  and  converted  into  ar- 
senious acid,  which  is  volatilized  and  again  deposited  on  the 
cooler  parts  of  the  tube  in  the  form  of  crystals,  which  can  be 
readily  distinguished  as  octahedra  with  the  aid  of  a  small  pocket 


METALLIO  OXIB£S«  117 

lens.  When  the  tube  is  cold,  it  is  boiled  out  once  or  twice 
with  distilled  water,  which  will  dissolve  the  arsenious  acid. 
The  solution  may  be  subjected  to  the  following  tests : — 

Ammonio-nitrate  of  silver  (prepared  by  adding  ammonia  to 
a  solution  of  nitrate  of  silver  in  very  slight  excess,  so  as  nearly 
but  not  quite  to  redissolve  the  precipitate  which  is  at  first 
formed)  produces  a  yellow  precipitate  (2AgO,As03),  soluble 
in  ammonia  and  in  dilute  nitric  acid. 

Ammonio^Mulphate  of  copper  (prepared  by  adding  a  drop  or 
two  of  ammonia  to  a  solution  of  sulphate  of  copper)  gives  a 
fine  yrMii  precipitate  (2CuO,As03),  readily  soluble  in  ammo- 
nia and  in  nitric  acid. 

If  a  solution  of  arsenious  acid  in  caustic  potassa  be  warmed 
with  a  small  quantity  of  sulphate  of  e(mper^  a  red  precipitate  of 
euboxide  of  copper  will  be  formed,  the  arsenious  acid  being 
converted  into  arsenic  acid. 

AsOj4-4CuO=AsOb+2Cu20. 
This,  however,  is  no  test  for  arsenic,  since  many  other  sub- 
stances are  capable  of  reducing  protoxide  of  copper  to  sub- 
oxide. 

Areenic,  like  antimony^  forms  a  gaseous  compound  with  hy- 
drogen. The  combination  of  the  two  elements  may  be  effected 
by  bringing  together  areenioue  add,  or  an  arsenite,  with  zine^ 
icater,  and  sulphuric  or  hydrochloric  acids.  This  property  is 
taken  advantage  of  (first  by  the  late  Mr.  Marsh,  of  Woolwich) 
as  a  test  for  the  metal,  and  forms  a  valuable  method  of  isolating  it. 
The  materials  for  generating  the  hydrogen  are  introduced  into 
the  evolution  flask  a,  Fiff.  89,  and  the  gas  bein^  dried  by  passing 
through  a  tube  filled  with  dry  chloride  of  calcium  b,  is  inflamed 
at  the  point  of  the  bent  tube,  e,  (suflicient  time  being  allowed  to 
expel  the  atmospheric  air  from  the  apparatus,)  and  a  porcelain 
plate  depressed  on  the  flame.  If,  after  burning  for  some  time, 
no  incrustation  or  blackening  appears  on  the  plate,  it  is  a  sign 
that  the  materials  in  the  eyoTution  flask  are  fi*ee  from  arsenic ; 
additional  assurance  is,  however,  obtained  by  heating  a  portion 
of  the  horizontal  tube  to  redness  at  ft,  by  means  of  a  spirit 
lamp;  no  incrustation  must  be  observed  in  the  tube.  The 
liquid  to  be  tested  for  arsenic  is  now  introduced  into  the  evolu- 
tion flask  through  the  funnel-tube ;  and  if  it  contain  any  traces 
of  the  poison,  the  flame  of  the  hydrogen  will  ac<^uire  a  bluish- 
white  colour,  owing  to  the  reduction  and  separation  of  the  ar- 
senic, and  fumes  of  arsenious  acid  will  make  their  appearance. 
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Oa  nov  depressing  the  porcelain  p]ate  upon  the  flame,  brawn 
arsenic  spots  wiU  be  oDtained :  these  incruBtatioos  have  a 
shining  metallic  appearance,  those  of  antimony  being  black 
and  possessing  scarcely  any  metallic  lustre.  The  arsenical 
crust  is,  moreover,  easily  soluble  in  solution  otehloride  of  linu, 
that  of  antimony  being  unaffected  by  that  reagent.  On  ap- 
plying the  flame  of  the  spirit  lamp  to  the  horisontal  pact  of 
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the  tube,  BD  incrustation  of  metallic  arsenic  will  be  formed  on 
the  cold  part  of  the  tube,  which  ia  darker  and  less  silvery  than 
that  formed  by  antimony  under  similar  circumstances ;  and  on 
cuttbg  off  the  tube  near  the  deposit  and  heating  it  strongly 
in  a  long  test-tube,  the  arsenic  is  converted  into  arsenioua 
acid,  which  is  recognized  by  its  garlic  odour,  and  which  may  be 
dissolved  in  hot  water,  and  tested  by  mitrate  tff  tiher  and  wut- 
vhat»  nfeo^er. 

The  following  modification  (Fig.  40)  of  Marsh's  apparatus  by 
the  Academy  of  Sciences  of  Berlin  is  described  by  Dr.  TJre  (Sup- 
plement to  the  Dictionaiy  of  Arts,  Manufactures,  and  Mines): — 

B  is  a  narrow  glass  cylinder  open  at  top,  about  10  inches 
high,  and  li  or  1^  inch  in  diameter  inside,  a.  is  a  glass  tube  about 
1  inch  in  diameter  outside,  drawn  to  a  point  at  bottom,  and  shut 


(without  lesdj  b        ^^^^ 
lie  bent  tube  s  ie        | 
d  of  7  by  a  petfo-        1 

1*1  D 

Hi  ii  used  as  fol-       II 
I  a  few  oblong  slips    ,,-^. 
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with  s  cork  at  top.    Throiish  the  oeotre  of  this  cork  the  Bmall 

tube  0  passes  dowc  sir-ti^t,  and  is  fiiniiBhed  at  top  with  a 

stopcock,  into    which  the  small 

bent  glass  tube  (without  lead)  b 

is  cemented.     The  I:      '   '  ' 

joined  to  the  end  o 

rated  cork. 

This  apparatus 
lows :  Introduce  a  fc  „     , 

of  sine  &ee  &om  arsenic  into  a,  and 
thea  insert  its  air-tight  cork  with 
the  attached  tubes.  Haring  opened 
the  stopcock,  pour  into  the  tube 
B  as  much  of  the  suspected  liquid, 
acidulated  with  dilute  pure  sul- 
phuric add,  as  will  rise  to  the  top 
of  the  cork  in  a,  and  immedf 
tte\j  shut  the  stopcock.  The  ge- 
nerated hydrogen  will  force  down 
the  liquid  out  of  the  lower  orifice  of 
A  into  B,  and  raise  the  level  of  it  ' 
above  the  cork.    The  extremity  of  Yia.  40. 

the  tube  b  being  dipped  beneath 

the  surface  of  a  weak  solution  of  nitrate  of  silver,  and  a  spirit 
flame  being  placed  a  little  to  the  left  of  the  letter  x,  the  stop- 
cock is  then  to  be  slightly  opened,  so  that  the  gas  which  now 
fills  the  tube  a  may  escape  bo  slowly  as  to  pass  off  in  separate 
sm^  bubbles  through  the  silver  solution.  By  this  means  the 
whole  of  the  arsenic  contained  in  the  arseniuretted  hydrogen 
will  either  be  deposited  in  the  metallic  state  upon  the  iuside  of 
the  tnbe  »,  ora  characteristic  block  powder  will  be  deposited  in 
the  silver  solution.  The  first  chai^  of  gas  in  a  being  expended, 
the  stopcock  is  to  be  shut  till  the  liquid  be  again  expelled  from 
it  by  a  fresh  disengagement  of  hydrogen.  The  ring  of  metallic 
arBenic  deposited  Deyond  b  may  be  ciiased  onwards  by  placing 
a  second  flame  under  it,  and  tliereby  formed  into  an  oblong, 
brilliant,  steel-like  mirror.  It  is  evident  that  by  the  patient 
use  of  this  apparatus,  the  whole  arsenic  in  any  poisonouB  liquid 
may  be  collected,  weighed,  and  subjected  to  eveiy  kind  of  che- 
mical verification.  By  means  of  the  perforated  cork,  the  tube 
B  may  readily  be  turned  about,  and  it«  taper  point  raised  into 
•uch  a  positum  as,  that  when  the  hydrogen  usuing  from  it  is 
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kindled,  the  flanie  may  be  made  to  plar  upon  a  surface  of  glaw 
or  porcelain,  in  order  to  form  the  arsenical  mirror. 

A  method  of  distinguiahing  between  the  metallic  mirrors 
formed  bj  antimony  and  arsenic  under  similar  circumstances, 
is  founded  on  the  decomposition  of  sulphide  of  antimony  by  hy- 
drochloric acid  gas  and  the  rolatilityof  theantimonythus  formed. 
We  can  thus  not  only  distinguish  an  arsenical  from  an  antimo- 
nial  deposit,  but  when  both  petals  are  present  we  can  separate 
them  perfectly.  We  proceedthus : — The  mirror  having  been 
obtained,  a  feeble  stream  of  dry  sulphuretted  hydrogen  is  sent 
through  the  tube,  a  gentle  heat  being  at  the  same  time  applied; 
if  the  metal  be  arsenic  alone,  sulphide  of  that  metal  of  a  light 
yellow  colour  will  be  formed ;  if  it  be  antimony  alone,  the  sul- 
phide is  either  orange-red  or  nearly  black ;  if  both  metals  be 
together,  then  both  are  converted  into  sulphides;  but  the 
sulphide  of  arsenic  being  more  yolatile  than  the  sulphide  of 
antimony,  it  will  be  deposited  in  a  more  advanced  part  of  the 
tube.  A  current  of  dry  hydrochloric  acid  gas  is  now  passed 
through  the  tube ;  chloride  of  antimony  is  formed  toiihout  the 
applioaiion  of  heat^  and  is  entirely  removed  in  the  current  of 
gas.  The  sulphide  of  arsenic  remains  unaltered,  and  may  be 
distinguished  n*om  sulphur  by  its  solubility  in  ammonia. 

Blozam  ('Quarterly  Journal  of  the  Chemical  Society,'  vol. 
xiii.  p.  12),  impressed  with  the  difficulties  which  frequently 
beset  the  detection  of  arsenic  by  Marsh's  process,  arising  (1) 
from  the  occasional  presence  of  the  poisonous  metal  in  the 
sine  and  sulphuric  acid  employed,  and  (2)  by  the  frothing  occa- 
sioned by  the  viscidity  of  the  mixture  when  organic  matten 
are  present,  has  suggested  the  employment  of  the  galvanic 
current.  He  thus  describes  his  apparatus : — *^  It  consists  of  a 
two-ounce  nairow-mouthed  bottle,  the  bottom  of  which  had  been 
cut  off  and  replaced  by  a  piece  of  vegetable  parchment  tightly 
stretched  over  it,  and  secured  by  a  ligature  of  fine  platinum  wire; 
The  bottle  is  furnished  with  a  cork  carrying  a  small  tube,  bent 
at  right  angles,  and  connected  with  the  drawn-out  reduction- 
tube  by  a  caoutchouc  tube ;  through  this  cork  passes  a  platinum 
wire  bent  into  a  hook  inside  the  bottle,  for  suspending  the 
negative  plate.  The  bottle  is  placed  in  a  glass  of  such  a  size 
as  to  leave  a  small  interval  between  the  two,  and  this  glass  is 
allowed  to  stand  in  a  large  vessel  of  cold  water ;  an  ounce  of 
dilute  sulphuric  acid  is  introduced  into  the  apparatus,  so  as  to 
fill  the  bottle  and  the  outer  space  to  about  the  same,  level,  the 
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porntm  plato  being  immened  in  the  acid  contained  in  the 
outer  space.  When  the  bottle  has  become  filled  with  hydrogen^ 
the  shmilder  of  the  reduction-tube  is  heated  to  redness  during 
fifteen  minutes,  to  ascertain  the  puritj  of  the  sulphuric  acid) 
and  the  liquid  to  be  tested  is  introduced  into  the  bottle  by 
means  of  a  pipette,  the  cork  being  removed  for  an  instant  (or 
a  tube-funnel  maj  be  used) ;  a  drachm  of  alcohol  is  afterwards 
added,  to  preyent  frothing."  By  this  process,  according  to  the 
author,  ^(7  gn^in  and  even  fr^W  P^^  ^^  arsenious  acid  can 
be  detected  in  an  organic  mixture  with  the  greatest  ease  and 
oertainty. 

Metallie  copper  (which  must  be  free  from  arsenic),  when 
boiled  with  an  acidified  mixture  containing  arsenious  acid^ 
becomes  covered  with  a  steeUgrey  crust  of  metallic  arsenic. 
This  is  an  exceedingly  delicate  test,  and  will,  according  to  its 
discoverer,  Seinsch,  detect  the  metal  when  present  in  no  more 
than  one-millionth  part  of  the  liquid ;  but  as  various  other 
metals,  biemuth,  antimony,  etc.,  are  likewise  precipitated  under 
similar  circumstances,  it  is  necessary  to  submit  the  crust  to  a 
careful  examination.  The  liquid  to  be  tested,  having  been 
acidified  with  hydrochloric  acid,  is  boiled  with  thin  strips  or 
wires  of  electro-precipitated  copper  until  a  distinct  film  is 
deposited.  The  strips  or  wires  are  then  removed,  and  tho- 
roughly dried  between  folds  of  blotting-paper;  they  are  then 
introduced  into  a  lon^  narrow  test-tube  of  hard  Gkrman  glass^ 
and  carefully  heated,  in  a  sloping  position,  over  a  spirit  or  gas- 
lamp ;  octahedral  crystals  (the  form  of  which  can  be  readily 
recognized  with  the  aid  of  a  small  pocket-lens)  will  soon  make 
their  appearance.  The  tube  is  allowed  to  cool,  the  copper 
fragments  are  thrown  out,  the  tube  boiled  out  with  distilled 
water,  and  the  solution  tested  for  arsenious  acid  with  eulphu* 
retted  hfdrogen^  ammonio-nitrate  of  tihery  and  ammonio-euU 
pkate  of  copper.  Should  oxidizing  agents,  especially  chlorate 
ofpotaeea,  be  present  in  the  solution  to  be  tested,  no  arsenic 
will  be  deposited  until  they  are  destroyed,  but  the  copper  will 
be  dissolved,  communicating  a  blue  colour  to  the  liquid.  After  a 
time,  that  is,  as  soon  as  the  oxidizing  agents  are  removed  from 
the  liquor,  the  arsenic  is  precipitated  upon  the  undissolved 
oopper.  Should  that  metal  itselt  contain  any  arsenic,  this  will 
also  be  precipitated ;  hence  the  great  importance  of  ascertain- 
ing, previous  to  making  the  experiment,  that  the  copper  is 
p^ectly  pure. 
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Arsenic  in  paper-hangings. — ^The  paper  is  cut  into  strips  and 
boiled  for  a  few  minutes  with  dilute  hydrochloric  acid,  and  the 
filtered  liquid  treated  with  metallic  copper  in  the  manner 
described  above ;  or,  in  order  to  avoid  anj  ambiguity  which 
ma^  arise  from  the  possible  presence  of  arsenic  in  the  copper 
or  in  the  hjdrocfalonc  acid,  a  few  grains  of  the  suspected  green 
colour  may  be  scraped  off  and  introduced  into  a  clean  dry  test- 
tube.  The  aperture  of  the  tube  being  closed,  it  is  gently  heated 
in  the  flame  of  a  gas  or  spirit-lamp ;  the  green  powder  soon 
becomes  carbonized,  and  if  arsenic  be  present  a  sublimate  of 
arseuious  acid  is  obtained ;  when  cold  the  carbonized  residue 
is  removed,  the  test-tube  is  about  one-qusrter  filled  with  dis-' 
tilled  water,  a  drop  or  two  of  solution  of  caustic  potassa  added, 
and  the  mixture  boiled.  The  solution  obtained  is  tested  with 
ammonio-nitrate  of  silver,  or  ammonio-sulphate  of  copper,  when 
characteristic  yellow  and  green  precipitates  will  be  oDtained. 

G7.  Detection  of  Arsenic  in  Organic  Compounds, 

To  prepare  an  orffanic  mixture  suspected  to  contain  anienie 
for  the  reception  ot  sulphuretted  hyarogen,  Eresenius  digests 
it  on  a  water-bath,  with  an  equal  weight  of  concentrated  hydro- 
chloric acid,  and  as  much  water  as  will  give  the  whole  a  thin 
consistence ;  chlorate  of  jMtassa  is  then  added,  in  portions  of 
about  half  a  drachm,  at  intervals  of  about  five  minutes,  and 
until  the  contents  of  the  basin  have  assumed  a  bright  yeUow, 
perfectljf  homogeneous,  and  a  thin  liquid  appearance.  When 
this  point  is  attained,  about  two  drachms  more  of  chlorate 
of  potassa  are  added  to  the  mixture,  and  the  basin  is  removed 
from  the  water-bath.  When  cool,  it  is  filtered,  and  the 
residue  washed,  until  all  acid  reaction  ceases.  The  filtrate 
is  concentrated  to  about  a  pint,  and  excess  of  sulphurous  acid 
added,  to  reduce  the  arsenic  acid  to  arsenious  acid,  the  former 
being  far  less  readily  precipitated  by  sulphuretted  hydrocen 
than  the  latter.  The  excess  of  sidphurous  acid  is  then  expelled 
by  heat,  and  the  fluid  exposed  to  a  slow  stream  of  sulphuretted 
hydrogen  gas  for  about  twelve  hours.  The  sulphide  of  arsenic 
thus  obtained,  is  washed  and  treated  with  fuming  nitric  acid, 
evaporated  to  dryness,  moistened  with  pure  sulphuric  acid,  and 
ffently  heated,  first  on  the  water-bath,  and  afterwards  at  a 
higher  temperature  (not,  however,  above  800^),  until  the  mass 
begins  to  crumble.  The  residue  is  treated  with  boiling  water, 
filtered,  and  the  limpid  fluid,  after  being  acidified  with  hydro* 
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cUoric  acid,  is  again  precipitated  by  sulp^hiLretted  hydrogen. 
The  pure  sulphide  of  arsenic  thus  obtained  is  mixed  with 
carbonate  of  soda  and  cyanide  .of  potassium,  and  reduced  in  an 
atmosphere  of  carbonic  acid,  as  above  described. 

MM.  Dnfloss  and  Uirsch  proceed  as  follows : — ^The  suspected 
mass  (the  stonukch,  for  instance,  with  its  contents)  is  digested 
in  a  tubulated  retort,  with  an  equal  weight  of  pure  hydro- 
chloric acid ;  the  retort  is  connected  with  a  receiver  in  which  a 
little  water  is  placed,  the  object  of  which  is  to  collect  any 
chloride  of  arsenic  that  mieht  volatilise  during  the  process. 
The  retort  is  heated  by  a  bath  of  chloride  of  calcium  until  the 
mass  acquires  the  consistence  of  paste,  when  it  is  allowed  to- 
cooL  It  is  then  raized  with  twice  its  weight  of  strong  alcohol, 
and  after  some  time  the  undissolvedportion  is  collected  on 
a  filter,  and  washed  with  alcohol.  The  alcoholic  liquid  and 
the  washings  are  lastly  introduced  into  a  retort,  and  the  alcohol 
distilled  off.  The  residue  in  the  retort  is  mixed  with  the  acid 
liquorwhich  passed  into  the  receiver  during  the  first  distilla- 
tion, and  the  mixture  is  exposed  to  sulphuretted  hydrogen. 

Danger  and  Elandin  heat  the  organic  substance  with  one- 
sixth  of  its  weight  of  concentrated  sulphuric  acid;  the  sub* 
stance  is  carbonized  without  foaming ;  it  is  continually  stirred 
till  the  charcoal  is  dry ;  a  small  quantity  of  nitric  acid  or  aqua* 
regia  is  then  added,  and  the  whole  extracted  with  water.  Toey 
observe,  however,  that  the  carbonizing  process  must  only  be  had 
recourse  to  when  all  attempts  to  obtain  evidence  of  the  poison 
without  it,  have  failed. 

Dr.  Letheby  proposes  the  foUowing  method  of  treating 
organic  substaoiceB,  oy  which  he  states  that  it  is  not  difficult 
to  discover  -y^  of  a  grain  of  arsenic  in  many  ounces  of  organic 
matter.  The  substance,  if  solid,  such  as  the  liver,  intestine,  or 
muscle,  is  cut  into  small  pieces  and  heated  to  drjmess  with  aqua- 
regia ;  the  charred  mass  is  boiled  with  two  or  three  successive 
portions  of  water,  slightly  acidulated  with  nitric  acid,  and  then 
Doiled  for  about  half  an  hour  with  pure  granulated  zinc,  (which 
is  best  prepared  by  exposing  to  a  red-heat,  in  a  Hessian  cru- 
cible, alternate  layers  of  granulated  zinc,  and  one-fourth  of  its 
weight  of  nitre,  taking  care  to  begin  by  a  biyer  of  saltpetre, 
and  to  finish  by  one  of  zinc ;  deflagration  takes  place,  and- 
when  it  is  over  the  scoriie  are  renioved,  and  the  pure  metal 
run  into  an  ingot),  the  arsenic  will  be  deposited  on  the  zinc, 
giving  it  a  greyiah-black  appearance.    The  arseniated  zinc  is 
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introduced  into  a  Marsh's  apnaratus  of  peculiar  construction, 
and  the  evolved  gas  convejea  into  ajar  containing  solution 
of  nitrate  of  stiver,  according  to  Lassaigne's  method  ;  a  black 
precipitate  is  produced,  and  hj  taking;  the  precaution  of  not 
allowing  the  gas  to  come  over  too  quickly,  the  whole  of  it  is 
certain  to  be  decomposed. 

6(AgO,N06)+AsH8=6Ag+As05+3HO+6N05. 
To  this  black,  turbid  solution,  hydrochloric  acid  is  added,  till 
all  the  silver  is  precipitated,  and  a  little  acid  remains  in  excess. 
It  is  then  boiled  for  a  few  minutes,  filtered,  and  evaporated  to 
dr3mess ;  the  residue,  if  there  be  any,  is  boiled  with  distilled 
water,  and  carefully  precipitated  by  ammanio-nitrate  of  silver* 
If  any  arsenic  had  been  present,  it  would  by  this  process  have 
been  converted  into  arsenic  acid!,  which  would  give  a  red  pre- 
cipitate, with  ammonio-nitrate  of  silver. 

68.  Abbknio  Acid.    (AsOg.) 

General  eharaeters. — ^This  acid,  which  is  even  more  poisonous 
than  arsenious  acid,  is  remarkable  for  its  analogy  with  tribasic 
phosphoric  acid.  Like  the  latter,  it  only  partially  dissolves  in 
water,  leaving  a  powder,  which  is  only  dissolved  with  great 
difficulty.  At  a  red-heat  it  is  partially  decomposed,  and  at  a 
high  temperature  it  is  resolved  into  arsenious  acid  and  oxygen. 
It  is  deliquescent,  and  strongly  acid.  The  salts  which  it  forma 
are  called  arseniates  ;  they  are  mostly  insoluble  or  sparingly 
soluble  in  water,  but  dissolve  in  hyd&ochloric  acid ;  the  alka- 
line arseniates  are  soluble  in  water.  Sulphurous  acidy  aided  by 
heat,  reduces  it  into  arsenious  acid. 

Oomporiment  of  solutions  of  Arsenic  Aeid  and  ike  Arseniates 

with  reagents, 

Sydrosulphuric  acid  produces  no  precipitate  in  neutral  or 
alkaline  solutions ;  but,  m  acid  solutions,  a  yellow  precipitate 
(As  85)  18  very  slowly  formed.  Hence,  previous  to  precipita- 
ting arsenic,  when  in  the  form  of  arsenic  acid,  by  means  of 
this  reagent,  it  is  reduced  to  arsenious  acid  by  treatment  with 
sulphurous  acid. 

Nitrate  of  silver  produces  a  red-brown  precipitate  of  arse- 
niate  of  silver  (BAgO,  AsOg),  soluble  in  dilute  nitric  acid  and 
in  ammonia. 

Ammonio-nitrate  of  silver  behaves  in  a  similar  manner. 

Sulphate  and  aunmonuhsulphate  of  copper  produce  a  greenish*^ 
blue  precipitate  (^CuOyAsOs). 
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Bejhre  the  hlotopipe,  heated  on  charcoal  in  the  inner  flame, 
aneniates  are  reduced,  disengaging  the  peculiar  garlic  odour 
of  suboxide  of  arsenic,  by  which  minute  traces  may  be  recog- 
nized, 

69.  OxiDX  or  Tin.    (SnO.) 

General  eharactere. — When  pure,  it  is  black,  but  by  tritura- 
tion it  acquires  a  grey,  green,  or  brown  tinge.  It  is  not  altered 
in  dry  air,  but  when  brought  in  contact  with  bodies  in  a  state 
of  ignition  it  takes  fire,  ourning  with  considerable  intensity, 
emitting  a  white  smoke,  and  is  converted  into  white  peroxide 
(SnO)).  The  hydrated  oxide,  which  is  obtained  by  precipita- 
ting a  solution  of  the  metal  in  hydrochloric  acid  by  carbonate 
of  potassa,  is  a  white  powder,  which  also  takes  fire  on  being 
brought  into  contact  with  a  burning  body,  and  glows  like 
tinder.  It  is  more  easily  soluble  than  the  anhydrous  oxide. 
When  boiled  in  water,  it  is  decomposed  and  a  black  powder  is 
formed,  which  slowly  absorbs  oxygen,  and  acquires  a  lighter 
colour.  Oxide  of  tin  is  dissolved  by  the  fixed  caustic  alkalies, 
but  the  solution  gradually  decomposes,  depositing  metallic  tin, 
the  solution  then  contaming  a  combination  oi  peroxide  and 
alkali.  Chloride  of  tin  is  decomposed  when  brought  into  con- 
tact with  water,  an  insoluble  compound  of  oxide  and  chloride 
being  formed.  This  decomposition  is  prevented  by  the  addi- 
tion of  free  hydrochloric  acid. 

(hmportment  o/ solutions  of  Oxide  ofKn  mth  reagents. 
(Solution  of  Protochloride  of  Tin  may  be  used.) 

Fotaaaa,  ammonia,  and  their  carbonates  produce  a  white  preci« 
pitates(SnO,HO),  soluble  in  potassa;  by  repose,  and  more  ra- 
pidly when  boiled,  the  solution  is  decomposed,  metallio  tin  and 
peroxide  of  tin  being  formed. 

Fhosphate  of  soda  produces  a  white  precipitate. 

Ferrocyanide  of  potassium  gives  a  white  gelatinous  preci- 
pitate. 

Ferrideyanide  of  potassium  occasions  a  white  precipitate,  so- 
luble in  hydrochloric  acid. 

Hydrosulphurie  acid  and  sulphide  of  ammonium  produce  a 
dark-brown  precipitate,  soluble  in  potassa  and  in  alkaline  sul- 
phides, particularly  such  as  contain  excess  of  sulphur ;  soluble 
also  in  hydrochloric  acid ;  but  nitric  acid  converts  it  by  boiling 
into  peroxide  of  tin ;  the  solution  of  sulphide  of  tin  in  sul- 
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phide  ofealeium  is  precipitated  as  a  yellow  hieuJphide  of  tin  by 
Djdrochloric  acid. 

A  bar  ofmetalUe  zinc  precipitates  tin  in  small  greyish-white 
metallic  spangles. 

Ghlariae  of  mercury  produces  a  white  precipitate  otfubehlC' 
ride  of  mercury,     (H^CL) 

The  salts  of  this  oxide,  from  their  tendency  to  absorb  oxy- 
gen,  ore  powerful  reducing  agents ;  they  are  all  decomposed  by 
exposure  to  the  air,  passing  into  salts  of  the  peroxide. 

Before  the  blowpipe,  heated  in  the  inner  name  on  charcoal 
with  a  mixture  of  carbonate  of  eoda  and  cyanide  of  potassium, 
protosalts  of  tin  yield  ductUe  graina  of  metallic  tin  without 
any  incrustation  taking  place. 

Characteristic  reaction. — The  most  characteristic  test  for 
protoxide  of  tin  is  the  reddish-purple  coloration  or  precipi- 
tate which  its  solutions  produce  with  terehloride  of  gold, 

70.  FsBoxiDB  Of  Tin.    (SnOg.) 

General  characters, — This  oxide  differs,  according  to  its  mode 
of  formation,  not  only  in  its  physical,  but  also  in  its  chemical 
properties ;  it  is  found  native  and  crystallized ;  the  crystals  are 
sometimes  yellowish-brown  and  transparent,  and  sometimes 
nearly  black :  when  prepared  by  the  action  of  nitric  acid  on 
the  metal,  it  is  a  white  powder,  and  almost  insoluble  in  acids, 
but  by  fusion  with  carbonate  of  potassa  it  is  rendered  soluble ; 
the  oxide  produced  by  precipitating  the  perchloride  by  ammo- 
nia is  easily  soluble  in  acids  ;  but  a^er  it  nas  been  ignited  it  is 
insoluble,  but  it  is  again  rendered  soluble  by  fusion  with  car- 
bonate of  potassa. 

Comportment  of  solutions  of  Peroxide  of  Tin  with  reagents. 
(Solution   of  Bichloride  of  Tin  (Sn  Ol,)  maj  be  deed.) 

Potassa  and  ammonia  produce  a  white  precipitate,  soluble  in 
potassa  and  in  great  excess  of  ammonia. 

Carbonates  (f  potassa  and  ammonia  produce  a  white  precipi- 
tate, soluble  in  carbonate  of  potassa,  but  insoluble  in  earbontUe 
of  ammonia. 

Phosphate  of  soda  produces  a  white  precipitate. 

Hydrosuiphuric  acid  and  sulphide  of  ammonium  throw  down 
from  acid  and  neutral,  but  not  from  alkaline  solutions,  a  yellow 
precipitate  of  bisulphide  of  tin,  soluble  in  alkalies,  alkaline 
carbonates,  and  sulphides,  and  in  concentrated  boiling  hydro- 
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chloric  acid ;  nUrieaeid  converts  it  into  peroxide,  and  by  fusion 
"with  nitre  it  gives  rise  to  the  formation  of  sulphate  and  ttaii' 
note  of  potassa. 

A  bar  of  metallic  zinc  throws  down  a  white  gelatinous  preci- 
pitate, hydrogen  gas  being  disengaged. 

Brfore  the  blowpipe,  heated  with  carbonate  of  soda  on  char- 
coal in  the  inner  flame,  persalts  of  tin  are  reduced  to  the  me- 
tallic state. 

Ckaraeteri9tic  reaction. — ^That  with  hydrosulphurie  acid. 

71.  fiiiroxiDE  OF  Flatikitic.    (PtO^.) 

General  characters. — The  hydrate  is  obtained  as  a  reddish- 
brown  voluminous  precipitate,  closely  resembling  hydrated  ses* 
quioxide  of  iron,  by  precipitating  a  solution  of  the  nitrate  by 
caustic  soda ;  it  contracts  considerably  on  drying ;  heated  in  a 
retort,  it  loses  its  water  and  becomes  black  ;  at  a  higher  tem- 
perature, it  parts  with  oxygen,  leaving  the  metal.  Platintmi  is 
insolable  in  nitric  and  hydrochloric  acids,  but  it  dissolves  in 
aatuhregia,  forming  a  red-brown  solution  containing  bichloride 
of  platinum  (PtCl^. 

Comportment  of  solutions  of  Salts  of  Platinum  wiih  reagents, 
(Sohition  of  Bichloride  of  Platinuin  may  be  used.) 

Potassa  produces  a  yellow  crystalline  precipitate,  consisting 
of  the  double  chloride  of  platinum  and  potassium  (K  CI,  Pt  Clj) ; 
the  addition  of  hydrochloric  acid  favours  its  formation ;  it  is 
insoluble  in  acids,  but  dissolves  with  the  aid  of  heat  in  potassa ; 
it  is  very  slightly  soluble  in  water,  and  insoluble  in  strong  al- 
cohol. 

Ammonia  produces  a  yellow  crystalline  precipitate,  the  dou- 
ble chloride  of  platinum  and  ammonium  (NH^CtPtCls)  having 
the  same  characters  as  the  former,  and  soluble  in  excess  of  am- 
monia aided  by  heat ;  when  exposed  to  a  red-heat  it  is  com- 
pletely decomposed,  leaving  the  metal  in  a  spon^  form. 

Subnitrate  of  mercury  produces  a  yellowish-red  precipitate. 

Chloride  of  tin  communicates  to  solutions  of  oichloride  of 
platinum  a  deep  red-brown  colour,  without  producing  any  pre- 
cipitate. 

Hydrosulphuric  add  and  sulphide  of  ammonium,  aided  by  heat, 
produce  in  acid  and  neutral  solutions  a  brownish-black  preci- 
pitate (PtSn),  soluble  in  excess  of  alkalies  and  alkaline  sul- 
phides, insoluble  in  nitric  and  hydrochloric  acids,  but  soluble 
in  aqua-regia. 
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Charaeterittio  reaeHont. — Those  with  pofaua  and  arnuMma 
in  the  presence  of  hydrochloric  acid. 

72.  BnroxiDB  of  Ibidiuh.    (IrOg.) 

Iridium  forms  four  compounds  with  oxygen,  vis.  IrO  ; 
Ir^Os;  IrO^;  IrO^.  Of  these,  the  most  important  is  the  bin' 
oxide  (IrOg).  According  to  Berselius,  (Gmelin,)  this  oxide  is 
only  known  in  its  salts,  and  cannot  be  precipitated  by  alkalies 
or  alkaline  carbonates,  because  they  dissolve  it ;  according  to 
Glaus,  however,  it  is  the  most  easily  prepared  of  all  the  oxides 
of  iridium,  and  is  always  deposited  in  the  form  of  a  bulky,  in- 
digo-coloured precipitate  wnen  a  solution  of  either  of  the  chlo- 
rides of  iridium  is  boiled  with  an  alkali ;  this  precipitate  is  a 
hydrate  (Ir03+2aq).  When  heated  in  an  atmosphere  of  car- 
bonic acid  it  exhibits  a  strong  momentary  incandescence,  at 
the  same  time  giving  off  its  water,  together  with  1  or  1^  per 
cent,  of  oxygen,  and  becoming  black  and  insoluble  in  acids. 

Behaviour  ofSalU  ofBinoxide  of  Iridium  with  reagentt, 

Hffdrosulphurie  acid  first  decolorizes  the  solution  and  then 
precipitates  sulphide  of  iridium  of  a  brown  colour,  easily  soluble 
in  sulphide  of  ammonium. 

Frotochloride  of  tin  decolorizes  the  solution  and  forms  a  pale- 
brown  precipitate. 

Frotosulphate  of  iron  decolorizes  the  solution  and  forms  a 
dirty  white  or  dingy  green  precipitate. 

Siibnitrate  ofmereury  produces  a  pale*brown  precipitate. 

Oxalio  aeid  and  ferroeyanide  of  potaeeium  decolorize  the 
solution. 

Ammonia  decolorizes  the  solution  and  forms  a  brown  preci- 
pitate. 

Poto«a  produces  a  scan^  blackish*grey  precipitate ;  the  su- 
pernatant li<|uid,  which  at  first  is  nearlv  colourless,  acquires  by 
standing  a  violet-blue  colour^  and  yields  on  evaporation  a  blue 
precipitate. 

Nitrate  ofeilver  produces  a  deep  indigo*coloured  precipitate, 
which  after  a  while  oecomes  colourless. 

78.  TSBOXIDS  OF  QoLD.     (AuOj.) 

General  characters. — The  hydrate  of  this  oxide,  which  firom 
its  tendency  to  combine  with  bases,  and  from  the  little  disposi- 
tion which  it  has  to  combine  with  acids,  ought  perhaps  more 
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correctly  to  be  called  aurie  acidy  is  of  a  yellowisb-red  colour ; 
the  anhydrous  oxide  is  black  or  deep-brown.  The  hydrate, 
dried  without  the  aid  of  heat,  is  of  a  chestnut-brown  colour, 
and  has  a  vitreous  fracture.  At  212°  it  loses  its  water,  and 
becomes  partially  reduced ;  even  in  the  dark  it  undergoes  par- 
tial decomposition,  and  at  a  red-heat  it  is  resolved  into  metallic 
gold  and  oxygen.  The  metal  is  insoluble  in  nitric  or  hydro- 
chloric acid,  but  it  dissolves  in  aqua  regia,  forming  a  fine  yellow 
solution,  containing  terchloride  of  gold  (AUCI3). 

Behtmawr  of  solution  of  Terchloride  of  Gold  mih  reagents. 

Potassa  after  a  time  produces  an  inconsiderable  reddish- 
brown  precipitate,  consisting  of  aurate  ofpotassa  and  chloride 
of  potassium.    AuCl3+4KO=K:0,Au08+3KCl. 

Ammonia  produces  a  yellow  precipitate  (aurate  of  ammonia, 
or  fulminating  gold). 

Ferrocyanide  of  potassium  communicates  to  solution  of  gold 
an  emerald-green  colour. 

JProtosulphate  of  iron  produces  in  concentrated  solutions  an 
immediate  dark-brown  precipitate  of  metallic  gold. 

AuCl8+6(FeO,S08)=2(Fe203,3S03)+Fe2Cl3-fAu. 
In  dilute  solutions  a  blue  colouring  is  first  perceived,  followed 
by  a  brown-coloured  precipitate. 

Protonitrate  of  mercury  occasions  a  black  precipitate. 

Oxalic  acid  produces  a  precipitate  of  metallic  gold,  thus : — 
AuCls+3(HO,C20^)=Au+3HCl+6C03. 

Protochloride  oftin^  to  which  a  drop  of  nitric  acia  has  been 
added,  communicates  a  reddish-purple  colour  to  very  dilute  solu- 
tions ;  in  concentrated  solutions  a  red-purple  precipitate  (purple 
of  Caasius)  is  formed ;  probably  (Au  0,  Sn  Oj  +  8n  O,  Sn  O,  -j-  4  aq) 
hydrated  double  stannate  of  ffold  and  tin. 

A  bar  of  metallic  zinc  precipitates  metallic  gold  in  the  form 
of  a  brown  coating. 

Hydrosulphuric  acid  and  sulphide  of  ammonium  precipitate 
from  neutral  and  aeid  solutions  of  gold,  the  tersulphiae  (AuSg), 
soluble  in  great  excess  of  sulphide  of  ammonium,  and  in  aqua- 
regia,  but  insoluble  in  all  other  acids  and  alkalies. 

Characteristic  reactions. — Those  with  protochloride  of  tin, 
protosulphate  of  iron,  and  oxalic  acid. 

74.  Selekious  Acid.    (SOg.) 
General  characters. — On  evaporating  a  solution  of  selenium 
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in  aqua  regia,  this  acid  remains  in  the  form  of  a  white  saline 
mass,  which  at  the  temperature  of  about  600^  assumes  the  form 
of  a  deep-yellow  gas,  much  resembling  chlorine ;  on  cooling, 
the  acid  condenses  in  long  needles,  and  by  allowing  it  to  cool 
slowly  it  is  deposited  in  the  form  of  a  semitransparent  crust. 
When  first  prepared  it  has  a  brilliant  appearance,  but  by  ex* 
posure  to  the  air  it  becomes  dull,  from  the  absorption  of  mois- 
ture. Its  taste  is  distinctly  acid,  but  it  leaves  a  burning  taste 
in  the  mouth  ;  it  is  yery  soluble  in  boiling  water :  the  solution 
deposits  the  hyd rated  acid  on  cooling  in  the  form  of  striated 
prisms.  The  hydrated  acid  is  also  deposited  from  a  hot  solu- 
tion in  nitric  acid  in  long  prisms  resembling  nitre.  It  is  easily 
reduced.  On  introducing  a  slip  ofzine  or  polished  iron  into  a 
solution  of  selenious  acid  mixed  with  hydrochloric  acid,  it  imme* 
diately  becomes  covered  with  a  copper-coloured  deposit,  and 
selenium  precipitates  by  degrees  in  the  form  of  red,  brown,  or 
greyish-black  flocks,  acconUng  to  the  temperature.  A  mixture 
of  sulphuric  and  selenious  acids  is  slowly  acted  on,  and  the  pre* 
cipitate  contains  a  little  sulphur.  Selenious  acid  is  also  decom- 
posed by  silver.  Selenium  is  best  precipitated  from  selenious 
acid  and  the  seleniies  by  sulphite  of  ammonia.  The  liquor, 
which  is  at  first  clear,  becomes  yellow,  then  turbid,  then  cinna- 
bar-red, and  after  a  few  hours  it  deposits  red  flocks  of  selenium^ 
l£  nitric  acid  be  present,  a  perfect  reduction  cannot  be  effected. 

Comportment  of  Selenious  Acid  and  Selenites  with  reagents, 

Hydrosulphuric  acid  produces  in  an  acid  solution  a  yellow 
precipitate  oi  sulphide  ofseleniumy  which  is  soluble  in  sulphide 
of  ammonium. 

Solid  selenites^  heated  in  a  tube  with  chloride  of  ammonium^ 
afford  a  sublimate  of  selenium,  which  is  recognized  by  its  pe- 
culiar odour. 

Before  the  blowpipe^  the  minutest  trace  of  selenium  may  be 
recognized  by  ignition  on  charcoal  in  the  oxidating  flame ;  a 
strong  disagreeable  smell,  similar  to  decaying  horseradish^  is 
given  off*.  If  much  selenium  be  present,  a  reddish  vapour  is 
evolved,  and  a  steel-grey  sublimate  is  deposited  on  the  char- 
coal, which  on  the  exterior  edges  sometimes  passes  into  violet, 
and  in  thin  layers  blue. 

75.  TsLLUBOus  AoiD.    (TeOj.) 
Oeneral  characters. — This  acid  is  obtained   in  crystalline 
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ffiaiiis,  by  acting  on  tellurium  with  nitrie  aeidf  and,  as  a  white 
looculent  hydrate,  by  precipitating  the  solution  in  nitric  acid 
with  water.  The  yellow  colour  which  the  acid  frequently  ex- 
hibits arises  from  impurities.  When  first  laid  on  the  tongue, 
it  produces  little  taste ;  but  after  a  time  a  very  disagreeable 
metallic  taste,  similar  to  that  of  salts  of  silver,  is  experienced. 
It  reddens  litmus-paper,  though  not  immediately ;  it  is  very 
sparingly  soluble  in  water.  On  being  heated,  it  acquires  a  fine 
citron-yellow  colour ;  bat  on  cooling  it  again  becomes  colour- 
less ;  at  a  red-heat  it  melts  into  a  transparent  deep-yellow 
liquid,  solidifying  on  cooling  into  a  colourless  crystalline  mass  ; 
heated  in  the  open  air,  it  fumes,  and  slowly  sublimes ;  heated 
in  open  vessels  with  carbon,  it  is  reduced  with  detonation,  the 
greater  part  of  the  teUurium  volatilising ;  in  close  vessels  the 
reduction  takes  place  easily,  but  the  metal  is  obtained  with 
difficulty  in  a  compact  mass.  It  is  also  reduced,  though  not 
very  readily,  by  hyarog^i  gas.  It  is  very  sparingly  soluble  in 
aeida,  in  ammonia^  and  in  the  carbonated  alkalies.  The  eaustio 
fixed  alkalies,  on  the  other  hand,  dissolve  it  immediately.  When 
tellurous  acid  is  fused  with  an  equal  weight  of  earhonate  ofpo^ 
tassaj  and  the  tellurite  of  potassa  thus  obtained  dissolved  in 
water,  and  mixed  with  a  slight  excess  of  nitric  acid,  a  white  vo- 
luminous hydrate  is  produced,  which  has  an  acrid  metallic  taste, 
instantly  reddens  litmus-paper,  and  is  soluble  in  water,  and 
very  soluble  in  nitric  ana  other  acids,  and  also  in  caustic  am- 
monia and  the  carbonated  alkalies. 

Comportment  of  solution  of  Tellurous  Acid  with  rea^nis. 

The  caustic  alkalies  and  their  carbonates  produce  a  white 
precipitate,  soluble  readily  mpotassa^  and  soluble  abo  in  alka* 
line  carbonates. 

Hydrosulphufic  acid  produces  a  dark-brown  precipitate,  very 
soluble  in  sulphide  of  ammonium, 

Sulphurous  acid^  alkaline  sulphites^  and  metallic  zinc,  produce 
a  blacff  precipitate  of  metallic  tellurium, 

jProtochloride  of  tin  and  protosulphate  qfiron  produce  a  black 
powder,  which  on  being  rubbed  assumes  a  metallic  lustre. 

Before  the  blowpipe,  heated  on  charcoal,  or  in  a  glass  tube 
open  at  both  ends,  a  white  sublimate  with  a  reddish  border  is 
obtained  in  either  flame,  and  which  disappears  with  a  beautiful 
bluish-green  tinge  ;  when  the  reducing  flame  is  directed  on  it 
in  large  quantities,  the  flame  also  becomes  blue ;  if  the  peculiac 
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smell  of  horseradish  is  perceptible,  selenium  is  present ;  if  the 
substance  under  examination  contain  other  metals,  as  lead  or 
bismuth,  it  should  be  mixed  with  boracic  acid,  which  will  dis- 
solve those  metals  and  prevent  them  from  Yolatilizing. 

76.  OxiDis  OP  TujrosTBW.    (WO9;  WOg.) 

Binoxide  of  Tungsten. — General  eharaetere ;  This  oxide,  when 
prepared  by  reducmg  tungetic  acid  by  hydrogen  eas,  is  brown ; 
it  may  be  obtained  crystalline  and  of  a  metallic  lustre,  by  em- 
ploying crystallized  tungstic  acid,  such  as  is  obtained  by  de- 
composing tungstate  of  ammonia  in  close  vessels.  The  oxide  in 
this  state  has,  when  pressed  together,  a  deep  copper  colour. 
By  pouring  dilute  hydrochloric  acid  on  tunffstic  acid,  and 
placing  in  the  liquor  a  strip  of  zinc,  it  is  graduafiy  decomposed, 
and  oxide  of  tungsten  is  obtained  in  the  form  of  brilliant  cop- 
per-coloured spangles,  but  it  cannot  be  preserved  or  even  dried 
m  this  state.  It  may  also  be  obtained  in  the  form  of  a  beauti- 
ful violet-brown  precipitate,  by  mixing  chloride  oftttnasten  with 
water,  but  it  is  very  unstable :  the  oxide  obtained  m  the  dry 
way  may  be  preserved  without  alteration.  When  heated  below 
reaness,  it  burns  like  tinder,  and  is  converted  into  tungstic  acid. 
It  does  not  appear  to  form  salts  with  acids,  but  it  dissolves  in 
concentrated  caustic  potaesa  with  the  disengagement  of  heat 
and  the  formation  of  tungstate  of  potaesa,  Ttaa  oxide  is  re- 
markable for  a  beautiful  compound  which  it  forms  with  soda; 
it  is  prepared  by  saturating  fused  tungstate  of  soda  with  tung- 
stic acid,  and  reducing  the  mass  by  heat  in  a  current  of  hydro- 
gen gas :  after  having  dissolved  out  the  neutral  undecomposed 
tungstate,  the  new  compound  remains  in  the  form  of  regular 
cubes  and  scales  of  a  golden-yellow  colour,  possessing  metallic 
lustre,  and  having;  all  the  appearance  of  gold.  It  is  not  acted 
upon  by  any  acid  but  the  hgdrofluorie  ;  aqua  regia  has  no  ac- 
tion on  it,  but  it  is  decomposed  by  oxygen  gtu,  sulphur^  and 
chlorine,  at  a  high  temperature.  No  such  compound  can  be 
formed  with  potassa  or  with  the  alkaline  earths. 

Tungstic  Acid  (WOg). — General  characters:  This  acid  is 
generally  prepared  by  fusing  a  mixture  of  finely  powdered  wolf- 
ram with  an  equal  weight  of  carbonate  of  potassa,  and  half  its 
weight  of  nitre.  The  alkaline  tungstate  thus  formed  is  dis- 
solved in  water  exactly  neutralized  by  nitric  acid,  precipitated 
by  nitrate  of  mercury,  and  the  precipitate  calcined  in  a  plati- 
num crucible.    It  is  of  a  fine  yellow  colour,  becoming  dark- 
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green  when  strongly  heated ;  it  also  assumes  a  green  tint  by 
mere  exposure  to  the  rays  of  the  sun ;  it  is  insoluble  in  water, 
but  readily  soluble  in  caustic  alkalies.  Hydrated  tun^^stie  acid 
is  formed  slowly  as  a  gelatinous  mass,  by  heating  a  diluted  so* 
lution  of  an  alkaline  tungstate  with  dilute  nitnc  acid ;  when 
washed  and  dried,  it  is  a  powder  of  a  brilliant  opaque  yellow- 
grey  colour.  Tung9iie  acid,  like  molyhdie  acid,  unites  with 
other  acids,  acting  the  part  of  a  base. 

Zinc  produces,  in  acid  solutions  of  tungstic  acid  a  beau- 
tiful blue  colour,  owing  to  the  formation  of  oxide  of  tungsten. 

Sulphide  of  tungsten  is  precipitated  when  a  tungstate  is  de- 
composed by  acids  in  the  presence  of  sulphide  of  ammonium. 

Before  the  blowpipe,  tungstic  acid  is  thus  detected : — Mix  a 
small  portion  of  tne  mineral  with  five  times  its  volume  of  soda, 
and  heat  strongly  in  a  platinum  spoon ;  dissolve  in  water,  and 
precipitate  the  filtered  solution  with  hydrochloric  acid;  the 

§recipitate  assumes,  when  heated,  a  b^utiful  yellow  colour, 
'he  oxides  of  tungsten,  when  perfectly  pure,  liquefy  with  mi- 
crocosmic  salt  in  the  oxidating  flame ;  in  the  reducing  flame 
they  become  green,  and  when  cold  beautiful  hlue.  The  glass, 
when  treated  with  tin  on  charcoal  in  the  reducing  flame,  as- 
sumes a  darker  colour,  which  on  cooling  is  green, 

77.  Oxmxs  or  Vakadium.    (V  O  ;  V  0, ;  V  Og.) 

General  characters, — Oxide  of  vanadium,  obtained  by  re- 
ducing vanadic  acid  at  a  red-heat  by  a  current  of  hydrogen  gas, 
is  a  bbick  crystalline  powder ;  it  is  remarkable  as  being  an  ex- 
cellent conductor  of  electricity,  and  as  excelling,  as  a  negative 
electromotive  element,  copper,  and  even  gold  or  platinum.  It 
has  not  hitherto  been  made  to  combine  with  either  acids  or 
bases.    It  oxidizes  gradually  in  the  air,  and  under  water  it  ac- 

guires  a  fine  green  colour.    Heated  in  the  air,  it  takes  fire  and 
urns,  leaving  a  black  mass ;  by  chlorine  it  is  converted  into 
chloride  and  vanadic  acid, 

78.  BnroxiDB  ov  Yakapiuv,  ob  YAirADious  Aoid.    (TO,.) 

The  anhydrous  oxide  is  a  black  powder  which  has  no  action 
on  test  paper.  It  is  insoluble  in  water,  but  when  left  for  some 
time  in  contact  with  that  fluid  it  oxidizes,  becoming  by  degrees 
green.  The  hydrate,  which  when  first  formed  is  greyish-white, 
oxidizes  rapidly  in  the  air,  becoming  first  brown,  then  green, 
and  finally  black.    The  calcined  oxide  is  slowly  but  completely 
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dissolved  in  acids ;  the  solution  is  blue ;  thougli  acting  the 
part  of  a  base,  it  nevertheless  combines  with  bases,  giving  rise 
to  a  class  of  salts  called  vanadites.  It  is  dissolved  bj  alkaline 
carbonates  ;  the  solution,  which  is  of  a  deep-brown  colour,  con- 
tains a  vanadite  and  a  hiewhonate.  The  bicarbonates  also  dis- 
solve it,  forming  blue  solutions,  probably  neutral  double  car* 
bonates  of  the  oxide  and  alkali. 

79.  Vawadio  AoiD.    (VOj.) 

Prepared  by  decomposing  vanadate  of  ammonia  by  heat.  It 
is  a  rusty  red-brown  powder,  without  taste  or  smell.    It  sup- 

Sorts  a  high  temperature  without  losing  oxygen ;  but  at  a  red* 
eat  it  enters  into  fusion.  In  contact  with  organic  matter  at 
a  red-heat,  it  loses  oxygen.  It  strongly  reddens  litmus-paper. 
The  fused  acid  crystallizes,  on  cooling,  in  the  form  of  inter- 
laced needles  of  a  yellowish-red  colour ;  but  if  a  small  quantity 
of  oxide  be  present,  it  has  a  violet  tint.  It  does  not  conduct 
electricity.  It  dissolves  sparingly  in  water,  forming  a  clear- 
yellow  solution.  It  cannot  be  obtained  crystalline  in  the  hu- 
mid way,  nor  can  it  be  obtained  pure  out  of  solution,  as  it  com- 
bines with  acids  as  well  as  with  bases.  It  is  easily  reduced  to 
the  state  of  oxide  under  the  influence  of  an  acid,  such  as  oo- 
loured  nitric  acid,  sulphurous,  oxalic,  or  tartaric  acids  ;  alcohol 
and  su^ar  likewise  effect  its  reduction,  blue  oxide  of  vanadium 
being  formed.  Hydrochloric  acid  dissolves  it,  forming  an 
orange-coloured  solution  ;  but  after  a  while  chlorine  is  disen- 
gi^ed,  and  the  liquid  acquires  the  property  of  dissolving  gold 
and  platinum. 

Cbn^oriment  of  solutions  ofJBinoxide  of  Vanadium  with  reagents. 

Potassa  produces  a  greyish-white  hydrate,  soluble  in  excess 
oipotassa,  but  insoluble  in  ammonia, 

Hydrosulphuric  acid  occasions  no  precipitate ;  but  stdphidB 
of  ammonium  produces  a  brownish -black  precipitote,  soluble  in 
excess,  the  solution  having  a  purple  colour. 

Comportment  of  solution  of  Vanadie  Acid  with  reagents* 

Nitrate  of  silver  produces  a  yellow  precipitate,  becoming 
white  by  exposure  to  the  air,  anci  soluble  in  nUrie  acid  and  in 
ammonia. 

Chloride  of  barium  produces  a  bulky  orange-yellow  precipi- 
tate, slightly  soluble  in  water. 
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Sulfhide  of  ammonium  gives  a  brown  precipitate  (VaS^),  so- 
luble in  excess,  forming  a  brown  liquid. 

J^Brrocj/anide  ofpotoMtum  produces  a  fine  green  precipitate. 

Chloride  of  ammonium  produces  a  white  flocculent  precipitate 
otvanadtUe  of  ammonia^  quite  insoluble  in  hydrochloric  acid. 

Btfore  the  blowpipe,  oaidee  of  vanadium,  heated  in  the  outer 
flame  with  borax  or  microcosmic  salt,  give  a  yellow  bead ;  in 
the  inner  flame  a  fine  green  one,  which  again  becomes  yellow 
in  the  outer  flame.  Vanadic  add,  heated  on  charcoal,  leaves  a 
oompact  mass,  the  colour  of  plumbago  (oxide  of  vanadium) ; 
with  borax  and  microcosmic  sut  it  gives  a  beautiful  green  glass, 
which  while  hot  is  brown.  It  is  not  coloured  blue  by  the  ad- 
dition of  tin.  Chromic  acid  gives  with  borax  and  microcosmic 
salt  a  green  bead  ;  but  vanadic  acid  is  distinguished  from  cAro* 
mi4s  acid  from  the  circumstance  that  the  green  bead  in  the  for- 
mer can  be  changed  in  the  oxidating  flame  to  yellow,  which  is 
not  the  case  with  the  latter. 

80.  Oxides  of  Molybdekitm.    (MoO;  M0O3;  MoOg.) 

General  eharactere. — When  to  a  solution  of  a  molyhdate  in 
water,  hydrochloric  acid  is  added,  and  the  mixture  digested  with 
dietilled  zinc,  the  latter  becomes  oxidized  at  the  expense  of  the 
molybdic  acid;  and  the  liquid  becomes  first  blue,  then  red, 
brown,  and  finally  black.  Prom  this  solution  potassa  precipi- 
tates hydraied  oxide  of  molybdenum  in  the  form  of  a  black  floc- 
culent mass.  This  hydrate  is  dissolved  with  dificulty  in  acids ; 
the  solutions  are  opaque  and  almost  black,  unless  greatly  di- 
luted ;  the  taste  is  astringent,  but  not  metallic.  When  heated 
to  redness  in  vacuo,  it  takes  fire,  burning  with  vivid  scintilla- 
tions, and  a  hydrous  oxide  remains  of  a  pitchy  blackness,  and 
insoluble  in  acids.  Heated  in  the  air,  it  burns,  and  is  con- 
verted into  molybdic  oxide  ( Mo  O^) .  Oxide  of  molybdenum  is  not 
soluble  either  in  catutic potassa  or  in  solutions  of  t\^Q fixed  alka* 
line  carbonates.  It  dissolves,  however,  in  carbonate  of  ammonia, 

81.  Moltbdio  Oxide.    (MOg.) 

Wlien  pure,  it  is  a  powder  of  a  deep-brown  colour ;  by  the 
light  of  the  sun  it  is  brilliant  purple.  It  is  insoluble  in  alkalies 
and  in  acids,  but  it  dissolves  in  small  quantities  in  a  mixture 
of  concentrated  sulphuric  acid  and  tartrate  of  potassa.  Nitric 
acid  converts  it  into  molybdic  acid.  Hydratea  molybdic  oxide 
is  similar  in  appearance  to  hydrated  sesquioaide  of  iron.    It  is, 
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to  a  certain  extent,  soluble  in  water,  the  solution  having  a  deep- 
red  colour,  and  it  appears  to  form,  with  some  acids,  subsalts, 
which  are  soluble.  If  dried  by  exposure  to  the  air,  it  acquires 
a  blue  colour  on  the  surface  from  the  absorption  of  oxygen ; 
the  solution  in  water  reddens  litmus-paper ;  it  has  an  astrin- 
gent and  somewhat  metallic  taste.  It  is  completely  precipi- 
tated by  sal-ammoniac,  and  when  once  dried  cannot  again  oe 
dissolved  in  water.  Heated  in  vacuo^  it  loses  its  water,  and 
brown  anhydrous  oxide  remains.  Though  it  reddens  litmus- 
paper,  it  has  none  of  the  other  properties  of  an  acid.  Caustic 
alkalies  do  not  dissolve  it,  though  it  is  soluble  in  alkaline  car- 
bonates. The  solution  in  carbonate  of  ammonia  is  entirely  pre- 
cipitated by  boiling,  and  that  in  carbonate  of  potana  is  by  de- 
grees converted  into  molybdate  ofpotassa. 

82.  MoLYBDic  Acid.    (MO3.) 

When  pure,  it  is  a  light,  porous,  white  mass ;  and  when  dif- 
fused through  water  it  assumes  the  appearance  of  extremely 
small,  silky,  brilliant,  crystalline  scales.  Heated  to  redness,  it 
melts  into  a  deep-yellow  liquid,  which,  on  cooling,  becomes 
pale  straw-yellow  and  crystalline,  and  on  breaking,  divides  into 
crystalline  spangles.  In  close  vessels  it  supports  a  strong  red- 
heat  without  volatilizing;  but  in  open  vessels  it  sublimes  at 
its  fusing-point,  its  surface  becoming  covered  with  crystalline 
spangles.  Water  dissolves  it  in  small  quantities  (about  ^f^ 
of  its  weight).  The  solution  has  a  feeble  metallic  taste,  and 
reddens  litmus-paper.  Before  calcination  it  is  soluble  in  acids, 
forming  compounds  in  which  it  acts  the  'part  of  a  base.  It 
dissolves  also  in  a  saturated  solution  of  tartrate  qfpotasea,  and 
in  solutions  of  caustic  and  carbonated  alkaliee. 

Comportment  of  solutions  of  Oxide  of  Molybdenum  with 

reagents, 

JBotassa  and  ammonia  produce  a  hrownish-black  precipitate^ 
insoluble  in  excess  of  the  precipitants. 

Carbonaie  of  potassa  and  carbonate  of  ammonia  produce  a 
similar  precipitate,  slightly  soluble  in  carbonate  ofpotassa^  more 
soluble  in  carbonate  of  ammonia. 

Sulphide  of  ammonium  gives  a  yellowish-brown  precipitate^ 
soluble  in  excess  of  the  precipitant. 

Mohfbdic  oxide  is  distinguished  from  oxide  ofmoh/bdenwm  by 
its  greater  solubility  in  carbonate  of  potassa. 
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Sehaviaur  ofMolyhdie  Add  with  reagents. 

IfUrate  of  stiver  produces  a  white  precipitate,  soluble  in 
mueh  water  and  in  nitric  acid  and  in  ammonia. 

Chloride  of  barium  produces  a  similar  precipitate,  soluble  in 
nitric  acid, 

Mydrosulphurie  acid,  added  in  excess  to  an  acid  solution, 
produces,  after  a  time,  a  brown  precipitate,  subsiding  slowly ; 
the  supernatant  fluid  being  blue  or  green. 

Metallic  zinc  or  tin  produces,  in  solutions  containing  free 
hydrochloric  acid,  a  blue  colour,  which  becomes  green  and 
finally  black. 

Before  the  hlotcpipe,  the  oxides  of  molybdenum  give  to  mi- 
crocosmic  salt  in  the  inner  flame  a  fine  p-een  colour,  becoming 
more  perceptible  on  cooling ;  with  borax  they  produce  in  the 
inner  name  a  brownish-red  bead. 

General  JRemarks  on  the  Oxides  of  the  Fifth  Oroup,  Section  B. 

Of  the  metallic  oxides  comprehended  in  this  section,  it  will 
only  be  necessary  to  make  a  few  remarks  on  the  method  of 
detecting  tin,  antimony,  and  arsenic  when  these  metals  exist 
together  in  a  compound.  The  three  metals  are  obtained  in 
the  form  of  sulphides  ^SnSj;  SbS^;  AsSg)  by  precipitating  their 
solution  in  sulphide  of  ammonium  by  an  acid.  Having  washed 
the  precipitate,  it  may  be  agitated  for  some  time  with  a  slightly 
warmed  solution  of  sesquicarbonate  of  ammonia :  thrown  on  a 
filter,  and  washed  with  sesquicarbonate  of  ammonia  as  long  as 
the  washings  give  a  distinct  yellow  precipitate  on  the  addition 
of  hydrochloric  acid,  the  whole  of  the  arsenic  will  be  found  in 
the  alkaline  solution ;  but  as  some  bisulphide  of  tin  may  likewise 
have  been  dissolved,  it  is  necessanr  to  reprecipitate  by  the 
addition  of  hydrochloric  acid,  and  Laving  washed  the  precipi- 
tate, to  redissolve  it  in  warm  ammonia ;  the  ammoniacal  solution 
should  be  evaporated  to  dryness,  and  the  residue  tested  specially 
for  arsenic.  The  greater  part  of  the  bisulphide  of  tin,  and  the 
whole  of  the  pentasulphide  of  antimony  will  have  remained  un- 
dissolved by  the  sesquicarbonate  of  ammonia:  it  should  be 
boiled  with  aqua-regia,  and  then  mixed  with  excess  of  sesqui- 
carbonate of  ammonia ;  this  precipitates  binoxide  of  tin  (which 
must  be  specially  tested),  the  antimony  remaining  in  the  Alka- 
line solution,  from  which  it  is  precipitated  of  its  characteristic 
orange-colour,  by  mixing  with  slight  excess  of  hydrochloric 
acid,  and  then  saturating  with  sulphuretted  hydrogen. 
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CHAPTEE  IV. 

ON  THE  COMPOBTMBNT  OF  THE  PRINCIPAL  INORGANIC 
AND  ORGANIC  ACIDS  WITH  REAGENTS. 

83.  Although  the  acids  cannot  be  classified  with  the  same 
degree  of  perspicuity  with  which  we  are  enabled  to  arrange  the 
bases,  there  are  certain  reagents  by  which  we  may,  for  analy- 
tical purposes,  divide  them  conveniently  into  groups,  the  sub- 
division of  which  may  afterwards  be  effected  by  other  reagents, 
which  are  called  special. 

The  reagents  for  grouping  the  inorganic  acids  are  chloride  of 
barium  and  nitrate  of  silver ;  those  for  grouping  the  organic 
acids  are  chloride  of  calcium  and  sesguichloride  qf  iron, 

A. — Inorganio  Acids. 

1,'^Acids  precipitated  by  chloride  of  barium. 

Carbonic,  sulphurous,  hyposulphurous,  hyposulphuric, 
sulphuric,  seleuic,  phosphoric,  phosphorous,  hypophos- 
phorous,  boracic,  silicic,  hydrofluoric,  chromic,  arsenic, 
arsenious,  and  other  metallic  acids. 

H. — Acids  precipitated  by  nitrate  of  silver. 

Hydrochloric,  hydrobromic,  bromic,  hydriodic,  iodic, 
periodic,  hydrocyanic,  hydrosulphocyanic,  hydroferro- 
cyanic,  hydroferridcyanic,  hydrosulphuric  acids. 

III. — Aciils  precipitated  by  neither  chloride  of  barium  nor 
nitrate  of  silver. 

Nitric,  nitrous,  perchloric,  chloric,  and  chlorous  acids. 

B. — Organio  Aoids. 

I. — Acids  precipitated  by  chloride  of  calcium. 

Oxalic,  tartaric,  pyrotartaric,  citric,  and  malic  acids. 
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n. — Aeids  precipitaied  hy  sesqtdehloride  of  iron. 
Succinic,  Denzoic,  tannic,  and  gallic  acids. 

IH. — Adds  precipitated  by  neither  chloride  of  calcium  nor 
9e8cntichloride  of  iron. 

Acetic,  formic,  uric,  and  meconic  acids. 


A.— INOBGANIC  ACIDS. 
'  I. — Aoids  precipitated  by  Chloride  of  Barium. 
84.  Cabbonic  Acid.   (COs.) 

General  charaeter9»-^A,t  common  temperatures  and  pres- 
sures, this  acid  is  a  colourless,  transparent,  irrespirable,  and  in- 
combustible gas.  It  is  heavier  than  atmospheric  air  in  the 
Eroportion  of  1*5  to  1,  and  totally  unfit  for  supporting  com- 
ustion.  It  has  a  faintly  sour  and  somewhat  astringent  taste. 
It  reddens  litmus-paper,  but  as  the  gas  volatilizes  the  blue 
colour  returns.  It  may  be  poured  from  one  vessel  to  another, 
and  a  small  animal  exposea  to  its  influence  instantly  dies  in 
strong  convulsions.  It  is  decomposed  at  a  red-heat  in  contact 
vrith  carbon  and  other  combustibles,  carbonic  oxide,  an  inflam- 
mable gas,  being  produced.  A  succession  of  electric  sparks 
likewise  decomposes  it  into  carbonic  oxide  and  oxygen.  Water 
at  ordinary  temperatures  and  pressures  absorbs  rather  more 
than  its  own  volume  of  carbonic  acid  gas,  and  considerably 
more  at  a  low  temperature  and  under  pressure.  The  solution 
has  an  agreeable,  piquant,  and  feebly  acid  taste.  At  a  tempera- 
ture of  0°,  and  under  a  pressure  of  86  atmospheres,  it  is  con- 
•densed  into  a  colouriess  liquid,  and  by  peculiar  management  it 
may  even  be  obtained  in  the  solid  state,  having  the  appearance 
of  a  mass  of  snow.  All  the  neutral  carbonates,  with  the  ex- 
ception of  those  of  the  alkalies,  are  insoluble  or  very  sparingly 
soluble  in  water ;  they  are,  however,  decomposed  by  nearly  all 
acids  that  are  soluble  in  water,  the  carbonic  acid  gas  escaping 
witb  effervescence ;  but,  to  expel  the  whole,  excess  of  acid  must 
be  added,  in  consequence  of  the  formation  of  bicarbonaieB. 
Most  of  ihe  carbonates  lose  their  acid  by  ignition. 

Comportment  of  the  soluble  Carbonates  with  reagents, 
(Solution  of  Carbonate  of  Soda  may  be  used.) 
Lime  water  and  baryta  water  produce  white  precipitates,  in- 
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soluble  in  water,  but  soluble  with  effenrescence  in  hydrochloric 
acid. 

(l.)NaO,CO<j  +  BaO,HO  =  BaO,COs  +  NaO  +  HO. 
(2.)BaO,C02H-HCl  =  BaCl  +  HO  +  COo. 

Chloride  of  barium  and  chloride  of  ealcium  produce  white 
precipitates  in  solutions  of  neutral  alkaline  carbonates ;  but  in 
solutions  of  hicarbonates  no  precipitate  is  formed  until  the 
second  atom  of  carbonic  acid  is  expelled  by  boiling,  because 
both  bicarbonate  of  baryta  and  bicaroonate  of  lime  are  soluble 
in  water. 

Nitrate  of  silver  produces  a  white  precipitate  of  carbonate 
of  silver  soluble  with  effervescence  in  nitric  acid. 

Oharacteristic. — The  solid  carbonates  (also  their  solutions,  if 
not  too  dilute)  are  all  decomposed  hj  hydrochloric  andwitric  add, 
and  by  most  other  acids,  with  effervescence.  The  gas  evolved 
is  recognized  as  carbonic  acid  by  producing  a  white  turbidity 
when  passed  into  baryta  wtUer^  lime  water,  or  eohttion  of  basic 
acetate  of  lead. 

85.  Sulphurous  Acid.    (SOg.) 

General  characters, — At  common  temperatures  and  pressures 
it  is  a  permanent  gas,  of  a  suffocating  odour  and  a  very  dis- 
agreeable taste,  not  inflammable  nor  possessing  the  power  of 
supporting  combustion.  It  is  very  fatal  to  animal  life.  It  is 
absorbed  in  large  quantities  by  water,  and  still  more  copiously 
by  alcohol.  It  destroys  the  colour  of  vegetable  substances. 
Its  acid  properties  are  very  weak.  AH  acids  but  carbonic  and 
hydrocyanic  acids  displace  it  from  its  combinations.  The  class 
of  salts  which  it  forms  are  called  sulphites ;  they  are  all  inso- 
luble, or  very  sparingly  soluble,  in  water,  but  those  of  the  alka- 
lies. All  the  acid  salts  of  sulphurous  acid  are  soluble.  At  a 
low  temperature  and  under  pressure,  it  is  reduced  to  a  liquid. 

Comportment  of  solutions  of  Sulphites  with  reagents* 
(Solation  of  Sulphite  of  Ammonia  may  be  used.) 

Chloride  of  barium  and  chloride  of  cal-cium  produce  a  white 
precipitate,  soluble  in  hydrochloric  acid ;  if,  however,  the  solution 
of  the  sulphite  has  been  for  some  time  exposed  to  the  air,  this 
precipitate  is  no  longer  completely  soluble  in  hydrochloric  acid. 

Frotonitrate  of  lead  produces  a  white  precipitate,  soluble  in 
cold  nitric  acid,  but  decomposed  when  boiled,  sulphate  of  lead 
being  precipitated,  and  nitrous  fumes  evolved. 
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NUrate  of  Mow  produces  a  white  precipitate  (AeOySO^), 
becoming  black  by  toe  application  of  heat,  the  metal  oeing  re- 
duced,  and  sulphuric  acid  formed.    Thus : — 

AgO,80,=Ag-fS08. 

JProtoehlorideoftin,  acidified  with  hydrochloric  acid,  produces 
a  yellowish-brown  precipitate. 

2(NaO,S08)-f6SnCl  +  2HCl  = 
SnSj4-2Na01  +  2SnO3  +  3SnClj-f2HO. 

Chloride  of  barium,  when  boiled  with  a  solution  of  a  sul' 
phite,  together  with  nitric  acid,  produces  a  white  precipitate 
(Ba  0,803). 

Chlorine^  nitric  acid,  and  fused  nitre  convert  sulphites  into 
sulphates. 

Solid  sulphites,  when  moistened  with  an  acid,  evolve  sul- 
phurous acid,  which  mav  be  recognized  by  its  odour ;  when 
Ignited  in  a  glass  tube,  they  are  decomposed  into  sulphides  and 
sulphates,  and  on  treating  the  fused  mass  with  a  diluted  acid, 
hydrosu^huric  acid  gas  is  disengaged,  provided  the  metallic 
sulphide  belongs  to  that  class  which  decomposes  water  with 
the  assistance  of  an  acid. 

Sulphuretted-hydrogen  water  produces  in  solutions  containing 
sulphurous  acid  a  white  precipitate  of  sulphwr, 

2^inc  in  the  presence  of  free  hydrochloric  acid  evolves  from 
solutions  of  sulphites,  sulphuretted  hydrogen. 

Characteristic. — Its  odour,  and  the  formation  of  blue  iodide 
of  starch  when  a  glass  rod,  moistened  with  starch  paste,  is  in- 
troduced into  the  gas.  Sulphurous  acid  is  completely  absorbed 
by  peroxide  of  lead, 

Pb02+SOa  =  PbO,S08. 

86.  Hyposulphukous  Acid  (Dithionous  Acid).    (S3O3.) 

The  aqueous  solution  of  this  acid  decomposes  Bpontaueously 
into  sulphurous  acid  and  sulphur;  the  compounds  which  it 
forms  with  alkalies  and  alkaline  earths  are,  with  the  exception 
of  hyposulphite  of  baryta,  soluble  in  water. 

Comportment  of  solutions  of  Hyposulphites  with  reagents. 
(Hyposulphite  of  Soda  may  be  used.) 

Chloride  of  barium  in  concentrated  solutions  occasions  a 
white  precipitate. 
Nitrate  of  silver  produces  a  precipitate  which  at  first  is 
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white,  but  it  rapidly  becomes  yellow,  and  finally  blaok ;  tulpkide 
of  silver  being  formed  and  nitric  acid  set  free.     Thus  : — 
AgO,NOB  +  NaO,8j02  =  AgS  +  NaO,SOs-f  NOc. 

Hydrochloric  acid  produces  a  yellow  precipitate  of  sulphur, 
sulphurous  acid  being  set  free.     Thus : — 

KaO,S202-fHCl  =  NaCl  +  S08-fHO  +  S. 

Characteristic. — Solutions  of  soluble  hyposulphites  possess 
the  property  of  dissolving  recently  precipitated  chloride  of 
silver;  the  solution  has  an  intensely  sweet  taste,  leaving  one  of 
that  nauseous  bitterness  peculiar  to  salts  of  silver.  With  iodine^ 
solutions  of  hyposulphites  produce  an  iodide  and  a  tetrathuh 
fuUe.    Thus :— 

2(BaO,S302)  + 1  =  Bal  +  BaCS.Og. 
This  reaction  serves  to  distinguish  between  sulpnurous  and  hi/po- 
sulphurous  acids, 

87.  Hyposulphueic  Acid  (Dithionic  Acid).    (SjO^.) 

The  aqueous  solution  of  this  add,  when  heated,  is  resolved 
into  sulphuric  and  sulphurous  acids ;  its  salts  undergo  the  same 
decomposition  by  hydrochloric  acid,  aided  by  heat.    Thus : — 

NaO,S206  =  NaO,80.-fSt)2. 
The  hyposulphates  are  generally  soluble  in  water. 

88.  Sulphuric  Acid.    (SO3.) 

General  characters, — ^lu  its  pure  anhydrous  state  it  forms  a 
tenacious  crystalline  mass  resembling  asbestos  ;  exposed  to  the 
air,  it  gives  off  thick  opaque  fumes ;  its  affinity  for  water  is  so 
powerful,  that  it  hisses  like  a  red-hot  iron  when  brought  into 
contact  with  it.  By  distilling  crystallized  protosulphate  of 
iron,  a  hydrated  acid  is  obtained  which  fumes  when  exposed  to 
the  air  {Nordhmtsen  aeidy  2  8  O3,  H  O) .  Monohydrate  of  sulphuric 
acid  (H 0,803)  does  not  fume,  but  has  an  oily  consistence; 
hence  its  commercial  name,  oil  of  vitriol.  When  pure  it  is 
colourless,  the  dark  tinge  that  the  acid  sometimes  has,  arising 
from  the  separation  of  carbon  from  organic  substances,  whicn 
it  rapidly  decomposes.  It  has  a  powerful  affinity  for  water, 
abstracting  it  from  the  atmosphere  with  great  rapidity ;  during 
its  combination  with  water  great  heat  is  evolved ;  the  mono- 
hydrated  acid  freezes  at  31°,  and  boils  at  617° ;  it  distils  with- 
out alteration ;  its  acid  properties  are  exceedingly  powerful ;  it 
displaces  all  other  acids  from  bases  at  temperatures  below  its 
boiling-point ;  but  at  a  higher  temperature  it  is  itself  displaced 
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by  cerfcain  weaker  acids  which  are  not  volatile ;  the  greater 
number  of  its  compounds  with  bases  are  soluble  in  water ;  the 
sulphates  of  haryta^  strontia^  and  lead  are,  however,  nearly  in- 
soluble, the  first  entirely  so. 

Comportment  of  soluHonn  of  Sulphates  with  reagents. 
(Solution  of  Sulphate  of  Soda  may  be  uaed.) 

Chloride  of  barium  produces  an  immediate  white  precipitate 
(BaOySOs),  even  in  highly  dilute  solutions,  insoluble  in  water, 
but  not  altogether  insoluble  in  dilute  hydrochloric  and  nitric 
acids.  The  solution  to  be  precipitated  should  not  contain  too 
much  nitric  or  hydrochloric  acidy  as  baryta  salts  which  are  very 
soluble  in  water  are  very  sparingly  so  in  acids ;  and  a  white  pre* 
cipitate  might  be  formed  which  could  be  mistaken  for  sul* 
phate  of  baryta.  Such  a  precipitate  would,  however,  be  readily 
soluble  in  water. 

Acetate  of  lead  produces  a  white  precipitate,  soluble  to  a 
slight  extent  in  dilute  nitric  acid,  but  completely  insoluble  in 
boiling  andconcentr(Ued\iyATO(MoTic  acid. 

The  sulphates  of  the  idkaline  earths  and  alkalies  are  not  de« 
composed  by  heat  alone ;  when  heated  in  contact  with  charcoal, 
they  are  reduced  to  sulphides :  the  reduction  is  facilitated  by 
mixture  with  carbonate  of  soda.  On  treating  the  reduced  mass 
with  an  acid,  sulphuretted  hydrogen  is  evolved,  which  may  be 
detected  by  the  odour,  by  lead  paper,  or  by  making  the  experi- 
ment on  a  bright  silver  surface.  All  the  other  sulphates,  with 
the  exception  of  that  of  oxide  of  lead,  are  decomposed  at  a 
high  temperature,  sulphu/ric  acid,  or  a  mixture  of  sulphurous 
acid  and  oxygen,  being  set  free,  and  pure  oxides,  or  the  metals 
themselves  left.  Insoluble  sulphates  are  converted  into  car- 
bonates by  fusion  with  carbonate  of  soda,  alkaline  sulphates 
being  formed. 

Before  the  blowpipe,  colourless  sulphates  may  be  detected 
by  fusing  them  with  silicate  of  soda  in  the  reducing  flame ;  a 
sulphide  is  thereby  formed,  and  the  glass  assumes  a  red  or 
darff-yellow  colour,  according  to  the  quantity  of  acid  present. 
Coloured  sulphates  are  detected  by  fusing  them  with  two  parts 
of  soda  and  one  of  borax,  in  the  reducing  flame,  on  charcoal, 
and  placing  the  fused  mass  on  a  plate  of  silver,  and  mois- 
tening it  with  water.  A  tarnishing  of  the  metal  indicates 
sulphur. 

Characteristic  reaction* — That  with  chloride  of  barium. 


144  aUALITATIYE   ANALT8TS. 

89.  SfiLsmo  Acid.    (HOjSeOj.) 

This  acid  produces  a  precipitate  with  chloride  of  barium^ 
which  is  insoluble  in  nitnc  acid.  Seleniate  of  baryta  is,  how- 
ever, decomposed  bj  boiling  hydrochloric  acid,  chlorine  being 
evolved.    This  is  not  the  case  with  sulphate  of  baryta. 

90.  Phosphobic  Acid.    (POg.) 

Chneral  characters, — When  anhydrous,  it  has  the  form  of 
white  flakes,  which  rapidly  absorb  moisture  from  the  atmo- 
sphere, becoming  a  syrupy  liquid  which  has  a  free  acid,  but  not 
caustic  taste ;  if  pure,  it  volatilizes  without  residue  when 
strongly  heated  in  an  open  platinum  vessel ;  it  attacks  vessels 
of  glass  or  porcelain  when  fused  therein.  The  alkaline  phos- 
phates are  soluble  in  water,  but  the  neutral  compounds  of 
phosphoric  acid  with  the  earths  and  metallic  oxides  are  insolu- 
ble in  water,  though  they  dissolve  in  excess  of  phosphoric  acid 
and  in  nitric  acid. 

Phosphoric  acid  forms  with  water  three  distinct  hydrates : 
H  O,  P  Or,  metaphosphoric  acid  ;  2  H  O,  P  Og,  pyrophosphoric  acid; 
8H0,P0g,  ordinary  phosphoric  add,  besides  modifications. 

Comportment  of  solutions  of  Metaphosphates  with  reagents. 

Nitrate  of  silver  produces  a  white  gelatinous  precipitate 
(AgO,POg),  soluble  m  excess  of  roetaphosphate  of  soda. 

Chloride  of  barium  gives  a  voluminous  white  precipitate 
(BaO,P06). 

Acetate  of  lead  occ&sioiis  a  white  precipitate  (PbOjPOg). 

Metaphosphoric  add  strongly  coagulates  the  albumen  of 
white  of  eg^,  by  which  character  it  is  most  distinctly  recog- 
nized ;  a  solution  of  an  alkaline  metaphosphate  does  not  co- 
agulate albumen,  neither  does  acetic  acid;  but  if  the  two  be 
mixed,  the  albumen  becomes  coagulated  in  consequence  of  the 
liberation  of  metaphosphoric  acid  by  the  acetic  acid.  Meta- 
phosphoric acid  passes  by  boiling  into  ordinary  phosphoric  acid 
(8H0,P0g) :  the  conversion  is  accelerated  by  the  addition  of 
sulphuric  acid. 

Comportment  of  solutions  of  pyrophosphates  with  reagents. 

Neither  chloride  of  barium  nor  chloride  of  calcium  precipi- 
tate this  acid  in  the  free  state. 

Nitrate  of  silver  produces  in  solutions  of  alkaline  pyrophos- 
phates a  white  flaky  precipitate  {2K.gO„VO{), 

Acetate  of  lead  gives  a  white  precipitate  (2  P  0,  POg).  Neither 
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pyropHo9phoriciusid  nor  any  of  its  soluble  saltb^have  the  property 
of  precipitating  albumen. 

.  ryropnospboric  acid  and  solutions  of  pyrophosphates  are 
converted  into  ordinary  phosphoric  acid  and  phosphates,  by 
boiling  with  the  mineral  acids. 

Comportment  of  solutions  of  Tribasic  or  ordinary  Phosphates, 

with  reagents, 

(Solution  of  Bhombio  or  oonunon  Phosphate  of  Soda  may  be  used.) 

Chloride  of  barium  produces  a  white  precipitate,  soluble  in 
hydrochloric  acid. 

.  Chloride  qf  calcium  occasions  a  white  precipitate,  soluble  in 
hydrochloric  and  acetic  acids,  and  re-precipitated  by  ammonia« 

Nitrate  of  silver  produces  a  l^mon-yaZ^oii^  precipitate  (3AgO, 
FO5)  soluble  in  nitric  acid  and  in  ammonia. 

Acetate  of  lead  gives  a  white  precipitate  (3  PbO,PO(),  solu* 
ble  in  nitric  acid,  but  insoluble  m  ammonia,  and  in  acetic  acid. 
This  precipitate,  when  fused  on  charcoal  in  the  outer  blowpipe 
flame,  forms  a  bead  which  crystallizes  on  cooling. 

Sesquichloride  of  tVon  produces  in  neutral,  or  slightly  alkaline 
solutions,  a  yellowish-white  precipitate  (^QillPi^O^^  which  is 
soluble  in  hydrochloric  acid,  but  quite  insoluble  in  acetic  acid.  If 
the  hydrochloric  solution  of  any  mineral  containing  phosphoric 
acid  be  nearly  neutralized  by  ammonia  or  carbonate  of  soda, 
excess  of  acetate  of  soda  or  acetate  of  potash  added,  and  then 
sesquichloride  of  iron  in  small  excess,  a  reddish-brown  precipi- 
tate will  be  obtained  on  boiling  the  mixture,  which  will  contain 
the  whole  of  the  phosohocic  acid.  This  precipitate  should  be 
thrown  on  a  filter  ana  well  washed  with  boiling  water,  after 
which  it  is  to  be  dissolved  in  dilute  hydrochloric  acid,  avoiding 
great  excess,  and  digested  with  ammonia  and  sulphide  ofammo^ 
nium ;  it  is  hereby  decomposed  into  sulphide  of  iron  (insoluble) 
snd phosphate  qf  ammonia  (solub\e),  the  olack  mass  is  thrown  on 
a  filter,  the  filtrate  concentrated  by  evaporation,  filtered  again' 
(if  necessary),  and  the  filtrate  treated  in  accordance  with  the 
following. 

Sulphate  of  magnesia  and  other  soluble  magnesian  salts  pro- 
duce in  solutions  of  phosphates  of  the  alkalies  a  crystalline 
precipitate,  which  makes  its  appearance  only  gradually  ;  but  if 
ammonia  be  added,  a  crystalline  precipitate  of  phosphate  qf 
magnesia  a;tJ  omiraonia  (2  MgO,NH^O,  PO5)  immediately  sub* 
sides,  and  is  favoured  by  agitation.  This  precipitate  is  insoluble 
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in  ammonia  and  in  ammoniacal  salts,  but  is  soluble  in  free 
acids.  Previous  to  the  application  of  this  test,  chloride  of  am^ 
monium  should  be  added  to  the  solution  in  considerable  quan- 
tity in  order  to  prevent  the  precipitation  of  hydrate  of  mag- 
nesia. 

Acetate  of  sesquioxide  of  uranium  precipitates  phosphoric  acid 
as  yellow  double  phosphate  of  eesquioxide  of  uranium  and  am» 
monia.  If  the  compound  to  be  tested  be  an  earthy  phosphate, 
it  should  be  dissolved  in  hydrochloric  acid,  concentrated  by  eva- 
poration, ammonia  added  in  very  slight  excess,  then  acetic  acid 
and  acetate  of  ammonia,  and  finally  heated  to  boiling  with 
acetate  of  sesquioxide  of  uranium,  upon  which  the  yellow  pre- 
cipitate makes  its  appearance. 

Molyhdate  of  ammonia  produces  in  solutions  containing  phos- 

Shoric  acid  a  yellow  precipitate.  To  the  solution,  after  the  ad- 
ition  of  the  molybdate,  nitric  acid  should  be  added,  it  should 
then  be  warmed,  it  will  speedily  assume  a  yellow  colour,  and  a 
yellow  precipitate  will  gradually  subside.  This  test  is  espe- 
cially useful,  as  it  enables  the  operator  to  detect  the  presence 
of  phosphoric  acid  in  minute  quantities,  in  acid  solutions  of  soils, 
fossils,  etc. 

Characters  of  the  different  forme  of  the  Tribaeic  Alkaline 

Phosphates. 

When  a  salt  of  tribasic  phosphoric  acid,  with  three  atoms  of 
a  fixed  base  which  is  strongly  alkaline^  is  mixed  with  neutral 
nitrate  of  silver,  a  yellow  precipitate  is  formed,  and  the  solution 
is  perfectlv  neutral  to  test-paper. 

3NaO,P06  +  8(AgO,N06)  =  3AgO,P05  +  SCNaCNOg). 
Salts  of  tribasic  phosphoric  acid  with  two  atoms  of  fixed  base 
have  also,  an  alkaline  reaction.    They  give  with  neutral  nitrate 
of  silver  the  same  }'ellow  precipitate,  and  the  mixture  is  add 
to  test-paper. 

2]SraO,HO,P05+3(AgO,N06)  = 
3AgO,P05-f  2(NaO,N05)  +  HO,N06. 
When  these  latter  salts  are  ignited,  they  are  converted  into 
pyrophosphates  (bibasic),  which  when  dissolved  in  water  exhibit 
an  alkaline  reaction,  and  give  with  neutral  nitrate  of  silver  a 
white  precipitate;  after  the  precipitation,  the  solution  is  n^tf^ra/. 

2NaO,P06  +  2(AgO,N05)  =  2AgO,P06  +  2(JS[aO,N06). 
Salts  of  tribasic  phosphoric  acid  with  one  atom  of  fixed 
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base  have  a  tstrone  aoid  reaction;  thej  give  with  neutral  ni- 
trate of  silver  a  yellow  precipitate,  the  solution  being  acid  to 
test-paper. 

NaO,2HO,POB  +  SCAgCNOc)  = 
3AgO,P05  +  NaO,NOB  +  2(HO,N06). 
When  ignited,  these  latter  salts  pass  into  metaphoephatet  (mo- 
nobasic). The  metaphosphate  of  potash  is  very  sparingly  soluble 
in  water,  but  the  metaphosphate  of  soda  dissolves  readilv,  and 
the  solution  gives  with  nitrate  of  silver  a  white  precipitate 
soluble  in  excess  of  the  precipitant. 

Before  the  hhtopipe^  phosphoric  acid  is  detected  by  the  follow- 
ing method  of  Berzelius : — ^Dissolve  the  subject  of  examination 
in  boracic  acid,  upon  charcoal,  in  the  oxidating  flame ;  intro- 
duce into  the  melted  bead  a  piece  of  fine  iron-wire,  and  expose 
the  whole  to  a  strong  reducing-flame.  The  iron  oxidizes  at  the 
expense  of  the  phosphoric  acid,  and  borate  and  phosphate  of 
iron  are  produced.  The  latter  fuses  id  a  strong  red  heat. 
When  cold,  the  glass  is  removed  from  the  charcoal,  and  broken 
into  pieces  on  an  anvil,  between  folds  of  paper.  A  globular 
metallic  button  of  magnetic  phosphide  of  iron  is  thus  produced. 
This  operation  requires  skill  on  the  part  of  the  operator. 
To  detect  phosphoric  acid  in  an  aluminous  compound,  Berzelius 
gives  the  lollowing  method : — The  substance,  pulverized  in  an 
agate  mortar,  is  rubbed  with  a  mixture  of  six  parts  of  soda,  and 
one  and  a  half  of  silica,  and  the  mass  fused  on  charcoal  in  the 
oxidating  flame.  The  fused  residuum  is  boiled  with  water,  in 
which  phosphate  and  the  excess  of  carbonate  of  soda  dissolve, 
leaving  the  alumina  in  combination  with  silicic  acid.  The 
phosphoric  acid  is  detected  in  aqueous  solution  as  above  di- 
rected. 

Characteristic  reactions, — ^Those  with  nitrate  of  silver  ;  with 
mdphate  of  magnesia  in  the  presence  of  ammonia ;  and  with 
molyhdate  of  ammonia. 

91.  Phosphobous  a  cud.    (POg.) 

General  characters, — ^In  its  anhydrous  state,  it  is  a  white, 
but  not  a  crystalline  powder.  Its  hydrate  may  be  obtained  in 
the  form  of  deliquescent  crystals,  by  evaporating  the  aqueous 
solution  obtained  by  acting  on  sesquichhride  of  phosphorus 
by  water.  It  slowly  absorbs  oxygen  from  the  air,  becoming 
converted  into  phosphoric  acid.  By  boiling  and  fusion  it  is 
decomposed,  phosphuretted  hydrogen  being  formed,  which  in- 

L  2 
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flames  on  the  approach  of  a  burning  body,  fumes  of  phospboric 
acid  making  their  appearance. 

4P08  +  3HO  =  PH3  +  3P06. 
The  alkaline  phosphite*  are  soluble  in  water,  and  are  powerful 
deoxidizing  agents.  They  reduce  solutions  of  ^old  and  silver, 
and  salts  of  copper  and  mercury ;  passing  into  phosphates,  SuU 
phurous  acid  when  warmed  with  phosphorous  add  yields  a  pre- 
cipitate of  sulphur,  and  when  an  excess  of  the  latter  is  used, 
hydrosulphuric  acid. 

3P08  +  2S02  +  2HO  =  3P05  +  2HS;  and 
8Q,-f  2HS  =  2HO  +  S.. 
Heat  also  coiwerts  them  into  phosphates,  nydrogen  gas  being 
evolved,  which  bums  with  a  blue  flame  without  producing  any 
fumes  of  phosphoric  acid.  Hypophosphites  are  distinguished 
from  phosphiies  from  their  giving  rise  to  a  spontaneously  in« 
flammable  phosphuretted  hydrogen  when  strongly  heated,  fumes 
of  phosphoric  add  being  form^.  All  the  hypophosphites  are 
soluble  in  water. 

92.  BoBACic  Acid.     (BO,.) 

General  characters. — This  acid  crystallizes,  out  of  its  aqueous 
solution,  in  brilliant  scales,  which  are  greasy  to  the  touch.  It 
has  no  smell,  and  a  very  faint  acid  taste.  It  is  sparingly  soluble 
in  water.  In  the  presence  of  aqueous  vapours  it  sublimes, 
easily,  but  alone  it  is  perfectly  fixed  at  a  red-heat,  at  which, 
however,  it  fuses  into  a  colourless,  transparent,  brittle  glass.. 
It  dissolves  in  alcohol,  to  the  flame  of  which  it  communicates 
a  green  tinge,  a  property  which  is  characteristic  of  this  acid. 
It  volatilizes  with  the  vapour  of  alcohol,  as  with  that  of  water. 
The  alkaline  borates  are  soluble  in  water,  but  the  borates  of 
the  earths  and  metallic  oxides  are  almost  insoluble,  though 
they  dissolve  readily  in  acids  and  ammoniacal  salts.  They  are 
all  very  fusible,  and  promote  the  fusion  of  other  bodies  when 
mixed  with  them ;  kence  their  uses  as  fluxes.  Free  boracic 
acid  reddens  turmeric-paper  like  an  alkali.       -    • 

Compartment  of  solutions  of  Borates  with  reagents. 
(Solution  of  Biborate  of  Soda  (Borax)  (NaO,2BOs)  m^y  be  used.) 
Chloride  of  barium  produces  a  white  precipitate  (BaOjBOg),. 
soluble  in  acids  and  in  ammoniacal  salts,  and  in  a  large  quantity 
of  water. 

Nitrate  of  silver,  in  concentrated  solutions,  produces  a  white, 
precipitate,  soluble  in  ammonia  and  in  dilute  nitric  acid. 
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Chloride  of  calcium  produces  a  white  precipitate,  soluble  in 
ttcids  and  in  ammonia,  and  in  a  large  quantity  of  water. 

Acetate  of  lead  produces  a  white  precipitate,  soluble  in  acids. 

Nitrate  of  euboxide  of  mercury  produces  an  olive-brown  pre* 
cipitate,  soluble  in  nitric  acid  and  in  ammonia. 

Hydrochloric  and  eulphuric  acids  separate  boracie  acid  from 
solutions  of  borates,  at  ft  boiling  temperature,  in  the  form  of 
crystalline  scales. 

JBiboraie  of  soda  (NaO,2E03)  precipitates  solution  of  ses- 
quichloride  of  iron.  The  precipitate  dissolves  on  heating  to  a 
dark-red  liquid,  which  might  be  mistaken  for  the  reaction 
produced  between  acetic  acid  and  the  same*  reagent;  if  the 
solutions  are  not  very  concentrated,  onlj  a  daricep  colour  is  ob- 
servable, and  no  precipitate. 

Before  the  blowpipe,  the  following  method  of  detecting  bora- 
cie acid  in  salts  and  minerals  has  been  recommended  by 
Turner :—  Knead  into  a  paste,  with  a  few  drops  of  water,  a 
mixture  of  the  finely  divided  substance,  with  4^  parts  of  hisuU 
phate  of  potassa,  and  I  of  powdered  fluor-spar,  and  fuse  the 
mass  on  the  ring  of  the  platinum  wire.  At  the  apex  of  the 
blue  flame  fluohonc  acid  gas  is  liberated,  which  communicates 
to  the  outer  flame  a  pure-green  colour. 

Characteristic, — If  a  pulverized  borate  be  moistened  in  a 
porcelain  capsule  with  a  few  drops  of  sulphuric  acid,  and 
covered  with  alcohol,  warmed  and  inflamed,  the  flame  will  have 
a  green  tinge,  most  perceptible  at  its  borders.  The  presence 
of  chlorides  interferes  with  this  test,  in  some  measure,  in  con- 
sequence of  the  formation  of  hvdrochlorie  ether ;  the  flame, 
however,  in  this  case,  has  a  decided  blue  tinge. 

93.  SiLic;io  Aou>.     (SiOj*) 

Oeneral  characters, — Of  this  acid  there  are  two  isomeric 
modifications ;  one  is  insoluble  in  water,  and  resists  the  action 
of  all  acids  but  hydrofluoric.  It  is  a  white,  tasteless  powder, 
gritty  between  the  teeth,  and  infusible  at  the  strongest  heat 
of  a  furnace,  but  fusing  before  a  blowpipe  flame  urged  with 
oxygen,  into  a  limpid,  colourless  liquid.  This  form  of  silicic 
acid  exists  nearly  in  a  state  of  purity  in  rock  crystal  and  in 
white  quartz,  l&j  fusion  with  carbonate  of  potassa,  or  with 
a  mixture  of  carbonate  of  potassa  and  carbouate  of  soda,  all 
siliceous  minerals  are  decomposed,  basic  alkaline  silicates 
being  formed,  which  are  soluole  in  water,  and  from  which 


150  UUALITATIVE   ANALYSIS. 

acids  separate  silicic  acid  in  its  soluble  modification ;  but,  hj 
drying,  it  again  returns  to  the  insoluble  state.  The  soluble 
variety  of  silicic  acid  is  obtained  in  the  form  of  a  gelatinous 
mass,  by  passing  the  gas  obtained  by  heating  together  a  mix- 
ture of  powdered  fluor-spar  and  quartz,  with  sulphuric  acid, 
into  water.  In  this  state  water  dissolves  a  small  quantity, 
without,  however,  acquiring  any  taste,  or  the  property  of  red- 
dening litmus-paper.  By  evaporation,  the  acid  is  obtained  as 
a  white,  earthy,  but  not  crystalline  mass,  which  may  asain  be 
dissolved  in  water ;  but,  if  a  strong  mineral  acid  be  added  to 
the  water  during  its  evaporation,  the  dry  sUicic  acid  is  no 
longer  soluble  in  water.  Gelatinous  silicic  acid  is  soluble,  to  a 
considerable  extent,  in  acids.  No  precipitation  is,  therefore, 
observed  on  adding  hydrochloric  acia  to  a  dilute  solution  of  an 
alkaline  silicate,  until  the  liquid  has  been  concentrated  by 
evaporation.  In  most  siliceous  minerals,  silicic  acid  exists  in 
its  insoluble  form.  There  are,  however,  a  number  of  native 
hydrated  silicates,  denominated  zeolites,  which  contain  silicic 
acid  in  its  soluble  form,  and  which  are,  therefore,  decomposed 
by  concentrated  hydrochloric  acid  even  in  the  cold,  forming  a 
gelatinous  mass  soluble  in  water.  There  are  other  minerals 
which  are  only  dissolved  in  hydrochloric  acid  by  prolonged 
digestion,  the  silicic  acid  separating  as  a  flaky  powder,  and  not 
as  a  jelly.  At  ordinary  temperatures,  silicic  acid  is  one  of  the 
weakest  of  the  acids,  dissolving  in  a  boiling  solution  of  the 
fixed  alkaline  carbonates,  without  expelling  their  carbonic  acid, 
but  at  high  temperatures  it  is  capable  of  expelling  all  the  vola- 
tile acids,  not  even  excepting  the  sulphuric  acid,  from  their 
combinations. 

Diluted  solutions  of  alkaline  silicates,  when  nearly  neutra- 
lized by  nitric  acid,  are  precipitated  by  most  heavy  oxides,  and 
by  the  salts  of  the  alkaline  earths  and  by  ammonia.  The  first 
step,  therefore,  in  analysing  a  mineral  containing  silicic  acid, 
is  to  convert  the  silicic  acid  from  its  soluble  to  its  insoluble 
condition,  which  is  done  by  evaporating  the  hydrochloric  solu- 
tion to  perfect  dryness,  and  then  dissolving  out  with  acid  the 
basic  metallic  oxides. 

Before  the  hlovypipe,  silicic  acid  is  reco^ized  by  means  of 
microcosmic  salt  and  soda  ;  the  examination  is  generally  per* 
formed  on  a  platinum  wire.  The  microcosmic  salt  is  first  fused 
into  a  bead,  the  silicate  added,  and  the  whole  heated  in  the 
oxidizing  flame;  the  glass  bead,  while  hot,  is  clear,  and  the 
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separated  silicic  acid  floats  through  it  in  a  collected  state ;  the 
bases  combine  with  the  free  acid  in  the  flux.  Silicic  acid  with 
soda,  on  charcoal,  gives  a  clear  bead,  carbonic  acid  escaping 
with  efferrescence ;  even  when  a  small  quantity  of  an  earth  is 
present,  it  still  fuses  to  a  clear  glass.  This  is  the  case  with 
feUpar;  but,  if  the  silicate  contain  a  large  proportion  of  a  non« 
alkaline  base,  the  compound  becomes  infusible. 

Silicic  acid  is  separated  from  titanic  ticid  by  fusion  with 
bisulphate  of  potassa  in  a  platinum  crucible ;  from  the  fused 
mass  the  titanic  acid  may  oe  extracted  by  water. 

94.  Hydboflitosilicic  Acid.     (HF.) 

Chneral  characters. — This  acid  is  yery  volatile  and  corrosive, 
giving  oft'  dense  fumes  in  the  air  ;  it  is  distinguished  from  al) 
other  acids  by  its  property  of  dissolving  the  insoluble  form  of 
silicic  acid ;  it  cannot  therefore  be  preserved  in  glass  vessels. 
It  combines  with  water  with  the  same  energy  as  sulphuric  acid. 
It  decomposes  metallic  oxides,  giving  rise  to  water  and  metallic 
fluorides.  Towards  metals  it  h^haves  in  general  in  the  same 
manner  as  the  oxyacids,  and  it  dissolves  copper  and  silver  gra- 
dually with  the  disengagement  of  hydrogen ;  in  its  concentra- 
ted state  it  acts  on  many  substances  with  great  enerey,  dis» 
solving  some  bodies  which  are  not  acted  on  even  by  ooilfog 
aqua-regia,  such  as  silicic,  titanicy  molybdic,  and  tungjstic  acids. 
The  concentrated  acid  acts  with  extreme  violence  on  the  skin, 
causing  painful  ulcers  very  difficult  to  heal.  The  alkaline 
fluorides  are  soluble  in  water,  as  are  also  the  fluorides  of  alu' 
fninum,  tivhy  iron,  and  mercury.  The  fluorides  of  the  metals  of 
the  alkaline  earths  are  almost  insoluble,  as  are  alsathe  fluorides 
of  copper,  lead,  and  zinc,  ^ough  they  dissolve  mere  or  less 
readily  in  hydrofluoric  acid.  The  greater  number  of  the  fhior* 
ides  bear  ignition  without  being  decomposed;  the  insoluble 
fluorides  are  decomposed  by  fusion  with  alkaline  carbonates. 

Comportment  of  solutions  of  Fluorides  with  reagents. 
(Solataon  of  Fluoride  of  Potaasium  (KF)  may  be  used.) 
Chloride  of  barium  produces  a  white  precipitate  soluble  in 
hydrochloric  acid. 

Chloride  of  calcium  produces  a  gelatinous  and  very  trans- 
parent precipitate,  almost  insoluble  in  free  acids,  even  in  hydros 
fluoric  acid,  and  in  alkalies  in  the  cold ;  the  addition  of  ammonia 
causes  the  complete  subsidence  of  the  precipitate  (CaF).         < 
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Acetate  of  lead  OCCHSL0119  a  white  precipitate  soluble  in  hydro- 
chloric acid. 

Sulphuric  acid  at  the  boiling  temperature  decomposes  all 
fluorides  with  the  diseugagement  of  hydrofluoric  acid.  The 
experiment  is  made  by  tracing  lines  on  a  plate  of  glass,  covered 
with  beeswax,  with  a  wooden  point,  so  as  to  expose  the  glass ; 
and  laying  the  plate  on  a  platinum  crucible  containing  the  pul- 
verized fluoride  and  concentrated  sulphuric  acid.  A  moderate 
heat  insufficieat  to  melt  the  wax,  is  applied  to  the  crucible  for 
a  few  minutes.  The  exposed  lines  are  found  etched,  on  the 
removal  of  t1)e  wax,  which  is  effected  by  spirits  of  turpentine. 

Wiien  a  fluoride  is  mixed  with  a  substance  containing  silicic 
acid,  such  as  pounded  glass,  and  heated  together  with  concen- 
trated sulphuric  acid,  fluosilicic  acid  is  formed.    Thus : — 

Si02-|-2CaF  +  2(HO,S03)  =  SiFs^-h2(CaO,S03)+2HO. 

This  acid  is  disengaged  as  a  gas  wbich  fumes  strongly  in  a 
moist  atmosphere,  and  when  brought  into  contact  with  water  is 
decomposed,  with  the  separation  of  silicic  acid  in  its  gelatinous 
form,  and  the  formation  of  hydrqfiucsilicic  acid.  Thus : — 
3SiF8-h2HO  =  2(HF,SiF3)+SiO,. 

This  interesting  reaction  is  observed  by  heating  the  materials 
in  a  test-tube,  and  conveying  the  gas,  by  a  bent  tube,  into  an- 
other test-tube  containing  water. 

By  cautiously  fusing  in  a  test-tube  equal  parts  of  a  finely 
pulverized  fluoride,  and  bisulphate  of  potassa,  hydrofluoric  acid 
IS  rendered  evident  by  the  roughening  and  loss  of  transparency 
of  the  upper  pavt  of  the  tube. 

95.  Chbokio  Acid.     (CrOj.) 

General  characters, — This  acid  is  obtained  by  the  decompo- 
sition of  bichromate  of  potassa  by  sulphuric  acid,  in  the  form 
of  brilliant  crimson  needles,  which  absorb  moisture  from  the 
air  and  pass  into  a  deep-brown  viscous  fluid ;  evaporated  to 
dryness  it  is,  while  hot,  black,  but  on  cooling  it  becomes  deep- 
red  ;  it  has  no  smell ;  its  taste  is  strongly  acid,  but  not  metallic ; 
it  tinges  the  skin  yellow.  It  is  soluble  in  alcohol ;  but  the  so- 
lution decomposes  by  the  action  of  heat  and  light,  an  ether 
being  formed,  and  hydrated  oxide  of  chromium  precipitated. 
When  alcohol  is  dropped  on  the  concentrated  acid,  it  takes  fire, 
and  the  acid  becomer  incandescent ;  an  aqueous  solution  of 
chromic  acid  is  gradually  decomposed  by  the  light  of  the  sun, 
oxygen  gas  being  liberated.     All  its  salts  are  coloured  yellow 
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or  red,;  tbe  alkaline  chromates  and  bichromates  are  soluble  in 
water ;  most  of  the  other  salts  of  chromic  acid  are  insoluble  in 
water,  though  thej  are  all  soluble  in  nitric  acid. 

Chmpartmeni  of  solutions  of  Chromates  with  reagents. 
(Solution  of  Chromate  of  Potassa  (EOjOOs)  may  be  used.) 

Chloride  of  barium  produces  a  pale-yellow  precipitate,  solu- 
ble in  nitric  and  hydrochloric  acids. 

Acetate  of  lead  produces  a  yellow  precipitate,  soluble  in  po- 
tassa,  and  sparingly  soluble  in  nitric  acid. 

Nitrate  of  silver  produces  a  dark-purple  precipitate  soluble 
in  nitric  acid,  and  in  ammonia. 

Subnitrate  of  mercury  produces  a  brick-red  precipitate. 

Mydrosulphurio  acid  in  neutral  solutions  reduces  the  chromic 
acid  with  the  precipitation  of  sulphur,  and  oxide  of  chromium. 
Thus  :— 

2(KO,Cr08)  -f  5HS  =  2KS  -f  6H0  +  CrjOg  +  Sg 
In  the  presence  of  a  free  acid  the  oxide  of  chromium  is  dis- 
solved, at  least  in  part,  and  sulphur  precipitated. 

Sulphurous  acid  likewise  reduces  chromic  acid,  sulphuric  and 
hyposulphwrio  acids  being  formed. 

OxaliCj  tartaric,  and  citric  acids^  reduce  the  acid  to  sesqui- 
oxide  of  chromium,  carbonic  acid  being  evolved. 

JSydroehlorie  add,  and  alcohol,  or  zinc,  on  being  boiled  with 
solution  oi  a  chromate,  reduce  the  acid,  the  fluid  becoming 
green. 

Insoluble  chromates  are  decomposed  by  fusion  with  alkaline 
carbonates,  alkaline  chromates  being  formed. 

Solid  chromates  when  heated  with  concentrated  sulphuric 
acid  evolve  oxygen  gas.   Thus  >— 

(KO,2Cr08)  -|-4S08=KO,S08  -h  (CivOs,3S08)  +  Oj. 

&)lid  chromates  when  heated  with  concentrated  sulphuric  acid 
and  chloride  of  sodium  disengage  chlorochromic  acia(CrOoCl). 

NaCl  +  KO,Cr08+4(HOjSO.)  = 
NftO,S08,HO,S03+KO,S08,HO,803-hCr08Gl  +  2HO. 
Chlorochromic  acid  is  decomposed  by  water  into  chromic  and 
hydrochloric  acids.    Thus : — 

CrOjCl  +  HOrriCrOj  +  HCl 

Characteristic  reactions, — Those  with  nitrate  of  siher  and 
acetate  of  lead;  and  with  hydrochloric  acid  and  alcohol. 
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II. — Acids  precipitated  by  19'itrate  of  Silver. 

96.  Htdbochlorio  Acid.    (HCl.) 

This  acid  is  a  transparent  colourless  gas,  fuming  strongly  in 
a  moist  atmosphere ;  it  has  a  pungent  suffocating  smell,  and  a 
strongly  acid  taste.  At  a  low  temperature,  and  under  a  pres- 
sure 01  about  eighteen  atmospheres,  it  becomes  liquid :  it  is 
decomposed  by  those  metals  which  decompose  water,  and  by 
substances  which  combine  with  chlorine ;  it  is  also  decomposed 
by  metallic  oxides.  It  is  absorbed  with  the  greatest  avidity  by 
water,  the  saturated  solution  forming  what  is  called  concen- 
trated hydrochloric  acid.  This  solution  is  colourless  and 
strongly  acid ;  the  yellow  tinge  which  the  acid  frequently  has, 
arises  from  impurities.  The  greater  number  of  the  chlorides 
are  soluble  in  water  ;  the  principal  exceptions  are  those  of  le((d 
and  silver,  and  suhchloride  of  mercury :  some  chlorides  volati- 
lize without  decomposition,  as  the  chlorides  of  tin,  antimony, 
and  arsenie  ;  some  are  fixed,  and  others  undergo  decomposition 
by  heat. 

Comportment  of  solutions  of  Chlorides  with  reagents. 
(Solution  of  Chloride  of  Sodium  (NaCl)  m&y  be  used.) 

Nitrat'C  of  silver  produces  a  white  curdy  precipitate  even  in 
highly  dilute  solutions  (AgCi),  becoming  violet-coloured,  and 
finally  black,  when  exposed  to  the  light :  it  is  quite  insoluble 
in  nitric  acid,  but  readily  soluble  in  ammonia  ;  it  fuses  without 
decomposition,  forming,  when  cold,  a  tough  homy  niass,  and  is 
reduced  by  hydrogen,  and  by  fusion  with  carbonate  of  soda,  or 
with  resin. 

Nitrate  of  suboxide  of  mercury  produces  a  white  precipitate 

(calomel,  Ilg|2^0>^c^'Q^8  black  when  brought  into  contact 
with  caustic  alkalies. 

Acetate  of  lead  produces  a  white  precipitate  soluble  in  boil- 
ing water,  less  so  in  mtrie  and  hydrochloric  acids,  and  not 
altered  by  ammonia. 

By  heating  a  soluble  chloride  with  peroxide  of  manganese 
and  sulphuric  acid,  chlorine  gas  is  evolved.    Thus  ; — 
NaOl-h  MnOj, -h  2(  HO.SOj) = ]SraO,S08  +  MdO,SOj + CI + HO. 

By  heating  a  chloride  with  sulphuric  acid  alone,  hydrochloric 
acid  gas  is  evolved.    Thus : — 

NaCl +HO,S03  =  NaO,S03  + HCl. 

On  heating  a  chloride  with  chromate  ofpotassa  and  sulphuric 
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acid,  a  brownish-red  gas  is  disengaged,  which  condenses  into  a 
blood-red  liquid. 

On  the  addition  of  ammonia  a  yellow  liquid  (chromate  of 
ammonia)  is  formed,  which  becomes  red  on  the  addition  of  an 
acid,  bichromate  of  ammonia  being  formed. 

Before  the  hloxopipe  chlorides  are  thus  detected :— Dissolve 
oxide  of  copper  in  microcosmic  salt  on  platinum  wire,  until  a 
diaphanous  bead  is  obtained  in  the  oxiaizing  flame ;  the  sub- 
stance  under  examination  is  now  added  and  heated :  if  chlorine 
be  present)  the  assaj  will  be  surrounded  bj  a  beautiful  blue, 
coloured  flame  incliuing  to  purple,  which  after  some  time  dis- 
appears, but  can  be  reproduced  by  adding  a  fresh  supply  of  the 
sample. 

dharacterUHe  reaction. — ^That  with  nitrate  qf  eilver. 

97.  Htdbobbomic  Acin.    (HBr.) 

General  charaetere, — It  very  much  resembles  hydrochlorio 
acid  gas ;  like  it,  it  fumes  strongly  when  allowed  to  escape  into 
a  moist  atmosphere,  and  it  acts  in  a  similar  manner  with  metals 
and  metallic  oxides :  it  dissolves  freely  in  water,  and  the  con- 
centrated solution,  which  is  denser  than  that  of  hydrochloric 
acid  gas,  is  fuming ;  chlorine  expels  from  it  bromine,  hydro- 
chloric acid  beinff  formed.  The  aqueous  solution  dissolves  a 
large  quantity  of  bromine,  and  acquires  a  deep-red  colour. 
There  is  also  a  strong  analogy  between  the  bromides  and  chlo- 
rides. 

Comportment  ofeolutions  of  Bromides  with  reagents, 
(Solution  of  Bramide  of  Potassiiun  (KBr)  may  be  lued.) 

Nitrate  of  eilver  produces  a  yellowish-white  precipitate 
(AgBr),  insoluble  in  nitric  acid  and  soluble  with  difficulty  in 
ammonia. 

Nitrate  of  suboxide  of  mercury  produces  a  yellowish-white 
precipitate. 

Acetate  of  lead  produces  a  white  precipitate  insoluble  in 
water,  by  which  it  is  distinguished  from  chloride  of  lead. 

Nitric  acid,  when  heated  with  solution  of  a  bromide,  decom- 
poses it,  evolving  bromine,  which  colours  the  solution  yel* 
lowish-red ;  when  heated  with  a  solid  bromide,  yellowish-red 
vapours  are  produced,  having  an  odour  resembline  that  of  chlo- 
rine ;  these  vapours  condense  into  red  drops  in  the  upper  part 
of  the  test-tube. 
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'    Concentrated  Mulphuric  acid  also  decomposes  bromides,  with 
the  separation  of  bromine  and  sulphurous  acid,  .Thus : — 
KBr  +  2(HO,SOo)=KO,S08  +  SOj,  +  Br  +  HO. 

Dilute  sulphuric  acid  decomposes  bromides  with  the  disen- 
gagement of  hydrobromic  acid.    Thus  : — 

KBr -h  H  O,  SOs  =  KO,  SO3  +  HBr. 

If  a  stream  of  chlorine  be  passed  through  a  solution  of  a 
bromide,  and  the  solution  agitated  with  ether^  the  latter  will 
dissolve  all  the  evolved  bromine,  and  assume  a  yellow  colour : 
if  the  ethereal  solution  be  removed,  with  a  pipette,  and  agitated 
-with  solution  of  potassa,  the  yellow  tint  will  vanish,  the  bro- 
mine having  passed  into  bromide  of  potassium  and  bromate  of 
potassa.   Thus: — 

6Br  +  6K0  =  6KBr  +  K0,Br06. 

If  this  solution  be  evaporated  to  dryness,  and  ignited,  the 
bromate  is  decomposed  with  evolution  of  oxygen,  and  bromide 
of  potassium  remains  ;  in  order  to  detect  bromine  in  this  resi- 
due, it  is  heated  in  a  small  retort,  with  peroxide  of  manganese 
and  sulphuric  acid,  and  the  vapours  received  in  a  small  receiver 
containing  starch  paste,  which  becomes  tinged  orange-yellow, 
the  colour  vanishing  by  exposure  to  the  air. 

On  heating  a  bromide  with  chromate  of  potassa  and  sulphuric 
acid,  a  brownish-red  gas  is  produced,  as  in  the  case  of  a  chlo- 
ride :  this  gas,  however,  is  brvmine,  and  the  colour  vanishes  on 
the  addition  of  ammonia ;  this  reaction  serves,  therefore,  to 
distinguish  between  bromides  and  chlorides,  and  for  detecting 
the  presence  of  the  latter  in  the  former. 

Characteristic  reaction. — Those  with  nitrate  of  silver,  with 
chlorine,  and  with  nitric  acid, 

98.  BeomicAcid.    (HOjBrOg.) 

General  characters, — When  concentrated,  it  is  very  sour,  but 
not  caustic ;  it  ha»  very  little  odour :  it  first  reddens,  and  then 
discolours  blue  litmus-paper;  sulphurous,  phosphorous  acids, 
and  all  the'  hydracids  decompose  it,  liberating  bromine:  most 
of  the  bromates  are  soluble  in  water,  and  are  converted  by 
ignition  into  bromides,  with  evolution  of  oxygen ;  they  are 
decomposed  with  violent  deflagration  when  heated  with  com* 
bustibfe  substances,  such  as  carbon,  sulphur,  and  phosphorus. 
These  mixtures  likewise  detonate  violently  when  moistened 
with  a  drop  of  concentrated  sulphuric  add.  Bromates,  when 
treated  with  concentrated  sulphuric  and  other  oxygen  acids 
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in  tbe  cold,  evolve  oxygen  and  red  vapours  of  bromine ;  they 
are  likewise  reduced  by  sulphuretted  hydrogen  with  separation 
of  sulphur. 

Comportment  of  solutions  of  Bromates  toith  reagents. 
(Solation  of  Bromate  of  Potassa  (KO,BrOa)  may  be  uaed.) 

Nitrate  of  suboxide  of  mereury  produces  a  light-yellow  pre- 
cipitate, soluble  in  nitric  acid. 

Acetate  of  lead  produces  a  white  precipitate,  soluble  in  much 
water. 

Nitrate  of  silver  produces  a  white  precipitate,  soluble  in  am- 
monia, but  soluble  with  difficulty  in  dilute  nitric  acid. 

Hydrosulphurie  add  reduces  bromates  to  bromides ;  sulphu^ 
rie  aeid  being  formed  and  sulphur  separated. 

Sulphurous  aeid  reduces  bromates  to  bromides,  sulphuric 
acid  being  formed. 

99.  Htdbiodio  Aou).    (HI.) 

General  eharaeters. — ^This  add  gas  likewise  resembles  in  its 
properties  hydrochloric  acid ;  it  is  absorbed  rapidly,  and  in 
mrge  quantities,  by  water,  the  solution  being  colourless  and 
fuming ;  there  is  also  a  strong  analogy  between  the  compounds 
of  iodine  and  those  of  bromine  and  chlorine. 

Comportment  of  solution  of  Iodides  with  reagents. 
(Solution  of  Iodide  of  Potaoaium  (KI)  may  be  used.)    . 

Nitrate  of  silver  produces  a  yellowish-white  precipitate  (Agl) 
which  blackens  by  exposure  to  the  light,  is  insoluole  in  dilute 
nitric  acid,  and  very  sparingly  soluble  in  ammonia* 

Nitrate  of  suboxide  of  mercury  produces  a  yellowish-green 
precipitate. 

Chloride  of  mercury  produces  a  beautiful  scarlet  precipitate. 

(Hgl.) 

Acetaie  of  lead  produces  an  orange-vellow  precipitate,  solu- 
ble in  hot  water,  and  in  nitric  acid,  and  crystallizing  out  of  its 
solution  in  brilliant  golden-coloured  scales.  (Pbl.) 

Frotochloride  of  palladium  produces  a  black  precipitate  in 
solutions  of  alkaline  iodides ;  no  precipitate  is  afforded  by  this 
reagent  in  solutions  of  bromides. 

An  aqueous  solution  of  one  part  of  crystallized  sulphate  of 
copper,  and  two  and  a  half  of  protosulphate  of  iron,  produce  ^ 
dingy -white  precipitate  (Cu^I)  ;  this  mixture  has  no  effect  in 
solutions  of  chlorides  and  bromides. 
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Chlorine^  nUrte  aeid,  eoncenirated  Mulphurie  aeidy  and  peroxide 
ofmanganeee  eliminate  iodine  from  solutions  of  iodides,  the  so- 
lutions becoming  coloured ;  and,  if  the  solution  be  concentrated, 
iodine  separates  as  a  black  precipitate :  on  applying  heat,  the 
characteristic  violet  vapours  of  iodine  make  their  appearance ; 
with  excess  of  chlorine,  a  colourless  chloride  of  iodine  is  formed. 

With  starch  paste  free  iodine  forms  a  blue  compound,  and 
this  reagent  serves  to  detect  minute  traces  of  iodine  in  inso- 
luble as  well  as  in  soluble  compounds  of  that  element.  The 
substance  under  examination  is  mixed  in  a  retort  with  concen- 
trated nitric  acid,  and  a  strip  of  white  cotton  clothy  moistened 
with  solution  of  starch,  suspended  from  the  stopper ;  in  a  few 
hours  the  cloth  will  become  coloured  blue  if  the  most  minut-e 
trace  of  iodine  be  present.  Nitric  acid  is  better  as  an  oxidizing 
agent  than  chlorine,  because  of  the  formation  of  the  colourless 
chloride  of  iodine  above  referred  to.  The  blue  colour  of  the 
iodide  of  starch  disappears  by  heat,  and  by  the  action  of  certain 
deoxidizing  agents. 

K  a  solid  iodide  be  heated  with  concentrated  sulphuric  acid 
and  peroxide  of  manganese,  violet  vapours  of  iodine  will  make 
their  appearance. 

Before  the  blowpipe^  metallic  iodides,  when  treated  with  cu- 
priferous microcosmic  salt^  impart  a  beautiful  and  deep-green 
colour  to  the  flame.  Iodine  is  soluble  in  chloroform^  to  which 
it  communicates  a  beautiful  violet  tint.  Accorcung  to  Babour- 
din,  the  presence  of  iodine  may  be  shown  by  this  test  in  a 
liquid  in  a  quantity  so  small  as  ^^^^^  part  of  its  weight. 

Characteristic  reactions^ — ^Those  with  [protochloride  of  palla- 
dium ;  and  with  starch,  and  nitric  acid. 

100.  Iodic  Acid.    (HOjIOg.) 

•  General  characters, — The  aqueous  solution  of  this  acid  is, 
when  concentrated,  very  sour :  it  first  reddens,  and  then  de- 
stroys the  colour  of  litmus-paper ;  it  oxidizes  all  metals  but 
gold  BsydplaHnum,  and  detonates  violentlv  when  heated  vrith 
combustible  substances ;  with  sulphuric,  nitric,  and  phosphoric 
acid,  it  forms  crystalline  compounds,  and  when  mixed  with 
vegetable  acids  a  decomposition  of  both  takes  place ;  carbonic 
aeid  being  liberated,  ana  iodine  precipitated.  The  iodates  are 
mostly  insoluble  in  water ;  the  neutral  alkaline  iodates  are  so- 
luble. 
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Comportment  of  solutions  oflodates  with  reagents. 

(Solationof  lodate  of  Potash  (KO,IOj)  or  lodateof  Soda  (NaO,IO^  may 

be  used,) 

NUrate  of  silver  produces  a  white  precipitate,  soluble  in 
nitric  acid  and  in  ammonia. 

Chloride  of  barium,  chloride  of  calcium,  and  acetate  of  lead 

five  white  precipitates,  soluble  in  nitric  acid.  lodates,  when 
eat^d  alone,  are  decomposed  into  iodides  and  oxygen ;  thej 
deflagrate  when  heated  with  combustibles :  they  are  decom- 
posed hj  protochloride  of  tin,  iodine  being  separated ;  the  latter 
may  be  made  evident  by  adding  starch  paste. 

Mydrosulphuric  acid  reduces  iodates  to  iodides,  sulphuric 
acid  and  toater  being  formed,  and  iodine  separated. 

101.  Htdboctawic  Acid.    (HCy.) 

General  characters* — In  its  pure,  anhydrous  state,  this  acid 
possesses  the  following  properties.  It  is  colourless,  inflam- 
mable, very  volatile,  and  possessing  a  atrong  odour  analogous 
to  that  of  bitter  almonds ;  its  taste  is  at  first  cool,  then  burn- 
ing and  disagreeable.  Its  specific  gravity  is  0*6957  at  66° ;  it 
boils  at  80°;  it  volatilizes  rapidly  in  the  air,  producing  a  degree 
of  cold  sufficient  (if  it  be  not  perfectly  anhj^rous)  to  cause  it 
to  assume  a  solid  form ;  it  is  leebly  acid  to  test-paper ;  it  is 
one  of  the  most  energetic  poisons  known,  one  drop  being  suf- 
ficient to  destroy  an  animal  of  considerable  size.  It  is  rapidly 
decomposed,  even  in  close  vessels,  becoming  darker  and  darker 
in  colour,  and  eventually  cyiite  black ;  a  trace  of  sulphuric  acid 
prevents  this  decomposition  from  taking  place :  strong  acids 
cause  its  elements  so  to  arrange  themselves  with  the  elements 
of  water  as  to  produce  ,/ormu;  acid  and  ammonia.  Thus : — 

H  CgN  +  4H0  =  Jra^O^CgHOj. 

Hydrocyanic  acid.  Formiate  of  ammonia. 

By  distillation  the  formic  acid  may  be  separated,  the  ammonia 
remaining  in  combination  with  the  acid  which  occasioned  the 
decomposition. 

The  alkalies  are  reduced  by  hydrocyanic  add,  their  metallic 
radicals  combining  with  cyanogen,  and  water  being  formed. 
Thus  :— 

KO  +  HCy  =  KCy  +  HO. 
The  metallic  cyanides  thus  formed  have  an  alkaline  reaction ; 
they  are  decomposed  gradually  when  dissolved  in  water,  rapidly 
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when  boiled.  Qfanide  of  potassium  and  cyanide  of  sodium  may, 
however,  be  heated  to  redness  out  of  contact  of  air,  without 
suffering  decomposition;  but  in  contact  with  oxides  of  tin, 
lead,  copper,  and  many  other  metals,  they  are  converted  into 
cyanates,  the  metals  being  reduced.    Thus : — 

KCy  +  2PbO  =  KO,CyO  +  2Pb. 
The  greater  number  of  the  metallic  cyanides  are  insoluble  in 
water ;  they  comport  themselves  differently  under  the  influence 
of  heat,  some  being  resolved  into  the  metal  and  cyanogen,  as 
is  the  case  with  cyanide  of  mercury,  and  others  into  carbides 
and  nitrogen.  The  compounds  of  cyanogen  with  gold,  silver, 
and  other  heavy  metals,  are  not  decomposed  by  dilute,  and 
with  difficulty  ov  concentrated  nitric  acid ;  hydrochloric  acid 
and  sulphuretted  hydrogen,  however,  decompose  them  easily 
and  completely.  The  cyanides  of  iron,  cobalt,  manganese,  and 
chromium,  when  brought  into  contact  with  alkaline  cyanides, 
unite  with  their  cyanogen,  forming  peculiar  salt-radicals,  in 
which  the  presence  of  the  heavy  metal  cannot  be  detected  by 
the  usual  tests. 

Comportment  of  solutions  qf  Cyanides  with  reagents, 
(Solution  of  Cyanide  of  Potassium  (E  Cj)  may  be  used.) 

Nitrate  of  silver  produces  a  white  curd^  precipitate  (AgCy) 
insoluble  in  dilute  nitric  acid,  and  sparingly  soluble  in  am- 
monia, easily  soluble  in  cyanide  of  potassium;  leaying  pure 
bilver  when  ignited,  and  evolving  cyanogen,  which  burns  with  a 
peach-coloured  flame.  When  moistened  with  hydrochloric 
acid,  hydrocyanic  acid  is  disengaged. 

Acetate  of  lead  produces  a  white  precipitate  (PbCy). 

Subnitrate  of  mercury  produces,  in  hyarocyanic  acid,  a  grey 
precipitate  of  metallic  mercury,  cyanide  of  mercury  remaining 
in  sohition.    Thus : — 

Hg80  +  HCy  =  HgCy-j-Hg4-HO. 

Oside  qf  mercury  dissolves  freely  in  hydrocyanic  acid,  and 
alkalies  occasion  no  precipitate  in  the  solution.  In  no  other 
alkaline  fluid  can  oxide  of  mercury  be  held  in  .Solution ;  thia 
reaction  serves  therefore  as  a  test  of  the  presence  of  hydrocy- 
anic acid.  In  the  presence  of  hydrochloric  acid,  ammonia  pro- 
duces a  precipitate. 

A  solution  of  protosulphate  of  iron,  which  has  been  partially 
oxidized  by  exposure  to  the  air  (magnetic  oxide  of  iron),  occa* 
Bions  the  formation  of  Prussian  blue  in  solution  of  an  alkaline 
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hydrocyanate  containing  free  hydrochloric  acid ;  this  reaction 
constitutes  an  excellent  test  ior  hydrocyanic  acid,  but  it  is 
essential  that  an  alkali  should  be  present,  as  also  hydrochloric 
acid,  to  disBolye  any  oxide  of  iron  that  may  hare  been  precipi- 
tated by  the  alkali  together  with  the  blue  compound. 

A  most  delicate  test  of  the  presence  of  hydrocyanic  acid 
is  that  proposed  by  Liebig,  and  is  dependent  on  the  fact  that 
the  higher  sulphides  of  ammonium  are  instantly  deprived,  by 
cyanide  of  ammonium,  of  the  excess  of  sulphur  they  contain 
above  the  monatulphide ;  iulphocyanide  of  ammonium  (N  H^, 
CySo)  being  formed, 

HCy  +  NH^S  +  Sa  =  (NH4Csy)+H8, 
which  produces,  with  persalts  of  iron,  a  very  deep  blood-red 
colour.  Taylor  recommends  the  following  method  of  applying 
this  test : — flace  the  diluted  hydrocyanic  acid  in  a  watcn-glass, 
and  invert  over  it  another  watch-glass,  holding  in  its  <:entre  one 
drop  of  sulphide  of  ammonium  containing  sulphur  in  excess ; 
there  is  no  apparent  change  in  the  sulphide,  but  if  the  watch- 
glass  be  removed  after  the  lapse  of  from  half  a  minute  to  ten 
minutes,  according  to  the  quantity  of  hydrocyanic  acid  nresent, 
ndphoeyanide  of  ammonium  will  bo  obtained.  On  gently  heat- 
ing the  drop  of  sulphide,  and  evaporating  it  to  dryness,  the  ad- 
dition of  a  drop  of  solution  of  a  perscdt  of  iron  to  the  dried 
residue,  brings  out  the  blood-red  colour  instantly,  which  is  in- 
tense in  proportion  to  the  quantity  of  sulphoeyanide  present ; 
the  warmth  of  the  hand  may  be  employed  to  expedite  the 
evolution  of  the  vapour.  This  test  is  even  more  delicate  and 
expeditious  than  the  nitrate  of  silver  test,  in  which  the  vapours 
are  received  in  a  solution  of  that  salt,  and  will,  according  to 
Q'aylor,  detect  in  five  minutes,  hydrocyanic  acid  not  exceeding 
Tfr  of  a  grain,  in  ten  drops  of  a  liquid. 

Holid  cyanides  when  heated  with  concentrated  sulphuric  acid 
evolve  carbonic  oxide,  sulphate  of  the  metallic  base  and  sulphate 
of  ammonia  being  formed.     Thus: — 
KC2N  +  2HO+2HO,S08  =  NH40,S08  +  KO,S08+2CO. 

102.  Detection  of  Sydrocyanic  Acid  in  Organic  Mixtures* 

When  hydrocyanic  acid  is  to  be  sought  for  in  organic  mix- 
tures, Taylor  urges  the  importance  of  obtaining  evidence  of  its 
presence  before  resorting  to  the  process  of  distillation,  in  order 
to  avoid  an  objection  which  may  be  raised,  to  the  effect  that 
the  acid  might  have  been  a  product  of  distillatiou.     He  |givea 
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the  following  method,  which  he  finds  to  succeed  with  the  blood, 
muscles,  and  viscera,  as  well  as  with  the  liquid  contents  and 
solid  substance  of  the  stomach.  The  liquid  is  acidulated  with 
sulphuric  acid  and  placed  in  a  wide-mouthed  bottle,  the  aper- 
ture of  which  is  capable  of  being  covered  with  a  watch-glass 
or  a  saucer  of  white  porcelain.  The  inside  of  the  glass  or 
saucer  is  moistened  with  nitrate  of  silver  and  placed  over  the 
inouth  of  the  bottle :  if  hydrocyanic  acid  be  present,  the  spots 
of  nitrate  will  become  white  in  the  course  of  a  few  seconds,  or 
in  from  ten  minutes  to  a  quarter  of  an  hour,  according  to  the 
quantity  of  roiaon  present,  and  the  closeness  of  the  test  to  the 
liquid.  No  heat  need  be  applied  to  the  liquid  ;  -a  temperature 
of  64^  suffices  for  the  result,  but  the  warmth  of  the  hand  ac- 
celerates the  action.  Taylor  mixed  ttoo'thirda  of  a  grain  of 
anhydrous  hydrocyanic  acid  with  eight  ounces  of  porter,  and 
obtained  a  well-defined  deposit  of  cyanide  of  silver  in  the 
watch-glass  in  a  quarter  of  an  hour ;  and  by  substituting  in  the 
watch-glass  weak  caustic  potassa  for  nitrate  of  silver,  and  after 
a  few  minutes  adding  sulphate  of  iron  and  hydrochloric  acid, 
he  obtained  Prussian  blue  from  two-thirds  of  a  grain  of  anhy- 
drous hydrocyanic  acid  mixed  with  eight  ounces  of  porter ;  the 
process  was  equally  successful  with  the  stomach  of  a  dog,  after 
it  had  been  tnoroughly  washed  with  water,  and  had  been  re- 
moved from  the  body  twenty-four  hours.  These  experiments 
prove  the  great  volatUity  of  the  poison,  and  the  difTusiblLity  of 
]ts  vapour.  The  silver  test  serves  the  analyst  as  a  guide,  for 
Taylor  finds,  that  unless  the  white  film  is  formed  on  the  nitrate 
of  silver,  the  application  of  the  Prussian  blue  test  will  also 
fail.  Prussian  blue  may  even  be  procured  from  the  cyanide  of 
silver :  for  this  purpose,  caustic  potassa  is  added  to  the  film  of 
cyanide  in  the  watch-glass,  and  heat  applied ;  the  cyanide  is 
dissolved,  and  brown  oxide  of  silver  precipitated ;  to  the  fil- 
tered liquid  sulphate  of  iron  is  added,  and  after  a  time  dilute 
sulphuric  acid,  Prussian  blue  is  immediately  produced.  When 
it  IS  found  necessary  to  distil  the  fluid,  Lassaigne  and  Chris- 
tison  acidulate  with  sulphuric  acid,  and  distil  from  a  vapour 
bath  till  one-eighth  part  of  the  fluid  has  passed  into  the  re- 
ceiver. The  tests  are  then  applied  to  tne  distillate ;  if  the 
quantitv  of  poison  be  small,  nitrate  of  silver,  or  potassa,  may  be 
placed  m  the  receiver  to  fix  the  add  as  it  passes  over. 

Poisoning  hy  Sydrocyanic  Add, — Liebig  makes  the  following 
remarks  on  this  fearful  poison : — '^  Its  rapid  action  on  the  blood 
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is  very  remarkable.  Comparatively  large  quantities  of  the 
acid  in  aqueous  solution  may  be  taken  into  the  digestive  ap- 
paratus without  producing  any  very  perceptible  noxious  effects; 
while  the  same  quantity  inhaled  as  vapour  causes  immediate 
death.  Thus,  a  cat  can  bear  the  administration  of  from  two 
to  three  drops  of  anhydrous  hydrocyanic  acid  diluted  with  from 
four  to  six  ounces  of  water,  without  being  in  the  least  affected 
by  it.  If  two  drops  of  the  anhvdrous  acid  be  inserted  into  the 
mouth  of  the  same  animal,  taking  care  at  the  same  time  to 
prevent  it  from  breathing  by  stopping  its  mouth  and  nostrils, 
no  perceptible  effect  is  produced ;  but  the  cat  dies  the  very  in- 
stant it  is  permitted  to  breathe,  and  consequently  as  soon  as 
the  vapour  of  the  acid  gets  into  the  lungs.'* 

With  respect  to  the  quantity  of  hydrocyanic  acid  requisite 
to  destroy  life,  the  matured  opinion  of  Taylor  is,  that  a  quan- 
tity of  Scheele's  acid  (at  five  per  cent.),  above  twenty  drops 
(i.  6.  one  grain  of  anhydrous  acid),  or  an  equivalent  portion  of 
any  other  acid,  would  commonly  prove  fatal.  Even  less  than 
this — seven-tenths  of  a  grain — might  under  favourable  circum- 
stancesy  destroy  life.  The  largest  dose  from  which  an  adult 
has  been  known  to  recover  is  Jbrty  minims  at  8;^  per  cent.,' 
which  is  equivalent  to  about  a  grain  and  a  third  of  anhy- 
drous acid.  It  may  be  well  to  observe  that  the  acid  of 
commerce  differs  much  in  strength,  according  to  the  process 
by  which  it  has  been  prepared,  and  independently  of  decom- 
position by  keeping.  The  medicinal  acid  long  used  in  this 
country  was  intended  to  be  an  imitation  of  that  of  Yauquelin, 
which  contains  3*3  per  cent. ;  but  the  London  College  ot  Phy- 
sicians have  improperly  (as  Dr.  Christison  observes)  altered 
the  strength  to  2  per  cent. :  that  of  Giese,  which  keeps  well, 
is  of  the  same  strength  as  the  first ;  that  of  Schrader  contains 
only  I  per  cent ;  that  of  Gobel,  2*5  per  cent. ;  that  of  Ittner, 
10  per  cent.  Of  the  alcoholic  solutions  the  best  known  are 
that  of  Schrader,  which  contains  about  1*5  per  cent,  of  pure 
acid;  that  of  the  Bavarian  Pbarmacopoaia,  which  contains  4 
per  cent. ;  that  of  Duflos,  9  per  cent. ;  that  of  Ffaff,  10  per 
cent. ;  and  that  of  Keller,  25  per  cent.  The  medicinal  dose 
is  from  a  minim  to  two  minims  of  Scheele's  acid,  and  from  three 
to  five  minims  of  the  London  Pharmacopceial  acid  gradually 
increased. 

Every  grain  of  anhydrous  acid  yields  5  grains  of  cyanide  of 
silver.     Suppose  100  grains  of  a  sample  to  have  yielded  45 
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grains  of  cyanide,  it  follows  that  the  acid  contains  9  grains  of 
anhydrous  acid  to  91  grains  of  water.  To  procure  an  acid  con* 
tainiDg  2  per  cent,  of  anhydrous  acid,  would  require  the  addi- 
tion of  9  grains  of  anhydrous  acid  to  441  grains  of  water ; 
now,  as  the  acid  in  question  contains  already  91  grains  of  water 
in  every  100  grains,  it  is  eyident  that  we  need  only  add  850 
grains  of  water  to  every  100  grains  of  the  acid,  in  order  to 
prepare  an  acid  of  2  per  cent,  strength  (441— ■91=350). 

103.  Htdbosulphgctawio  Aoid.     (HCjSg.) 

The  sulphocyanides,  most  of  which  are  soluhle  both  in  water 
and  in  alcohol,  are  recognized  by  the  following  reactions : — 

NitrcUe  of  silver  produces  a  white  precipitate  (AgCySg),  in- 
soluble in  dilute  nitric  acid,  and  in  ammonia,  and  furnishing 
metallic  silver  when  ignited. 

Sesquichlaride  of  iron  gives  an  intense  blood-red  colour;  if 
the  red  li(|uor  be  acidulated  with  hydrochloric  acid,  and  frag- 
ments of  zmc  added,  sulphuretted  hydrogen  is  evolved  and  the 
colour  disappears. 

A  mixture  of  protosulphate  of  iron  with  a  salt  of  eopper^  oc- 
casions a  white  precipitate. 

Subniirate  of  mercury  gives  a  white  precipitate. 

Sulphocyanlde  of  sodium  (or  of  ammonium)  exists  in  the 
saliva,  and  may  be  detected  by  allowing  a  little  dilute  solution 
pf  perchloride  of  iron  to  remain  for  a  few  seconds  in  the 
mouth :  on  expelling  it,  it  will  be  found  to  have  acquired  a  dis- 
tinct red  tinge. 

104.  Hydrofeukocyanic  Acid.     (HjCygFe;  orH^Cfy.) 

This  acid,  when  exposed  to  the  air,  absorbs  oxygen  and  be- 
comes blue ;  its  solution  when  boiled  is  decomposed  into  hy- 
drocyanic acid  and  a  white  compound,  which  becomes  blue  by 
exposure  to  the  air.  With  alkalies  it  forms  salts  which  are 
soluble  in  water;  most  of  the  other  ferrocyanides  are  in- 
soluble. 

Comportment  of  soluble  Ferrocyanides  with  reagents, 
(Solution  of  Ferrocyanide  of  Potassium  (KCfy)  maj  be  used.) 

Frotosulphate  of  iron  produces  a  pale-blue  precipitate.  {See 
Protoxide  of  Iron.) 

Sesquiehloride  of  iron^  a  deep-blue  precipitate  (Prussian 
blue.    {See  Sesquioxide  of  Iron.) 
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Sulphate  of  copper  a  reddish -brown  precipitate  (Gu^Cfj). 

Profonitrate  of  eohalt  a  veUowiBh-green  precipitate. 

With  salts  of  zinc,  lectin  sUver,  and  mercury,  white  precipi- 
tates. 

Insoluble  ferrocyanides  are  decomposed  by  fusion  with  alka* 
line  carbonates,  soluble  alkaline  ferrocyanides  being  formed. 
When  an  alkaline  ferrocyanide  is  distillea  with  dilute  sulphuric 
acid,  hydrocyanic  acid  is  formed ;  but  if  it  be  heated  with  ex* 
cess  of  concentrated  sulphuric  acid  carbonic  acid  is  formed  by 
the  following  reaction : — 

KjreCgN8,  +  9HO  =  6CO  +  2KO  +  reO+8lfH8. 
One  equiyalent  of  ferrocyanide  of  potassium  and  nine  equivv- 
lents  of  water  from  the  oil  of  Titrioi  and  the  water  of  crystalli- 
zation of  the  ferrocyanide,  give  rise  to  six  equtTalents  of  car- 
bonic oxide,  two  equivalents  of  potassa,  one  of  protoxide  of 
iron,  and  three  of  ammonia ;  the  sulphuric  acid,  oxide  of  iron, 

Sotassa,  and  ammonia  arrange  themselves  into  a  crystalline  anhj- 
rous  iron  alum,  having  the  following  composition  (Fownea)  :-* 

105.  Htdrofbbsibcyamio  Aoiix    (HgCy^Feji;  or  HgCfdy.) 

The  potassium  compound  of  this  acid  is  obtained  by  passing 
a  current  of  chlorine  through  a  solution  of  ferrocyanide  of 
potassium,  until  the  liquid  ceases  to  give  a  precipitate  with  ses- 
quichloride  of  iron.  Ferridcyanide  of  potassium  is  formed  bj 
tne  following  reactions : — 

2(K3CyjFe)  +  CI  =  (KjCy^Feg)  +  KCI. 

The  alkaline  femdcyanides  have  a  red  colour;  that  of  potas- 
sium crystallizes  in  fine  right-rhombic  prisms; 

Proto9ulphate  of  iron  produces  with  ferridcyanide  of  potas- 
sium a  fine  blue  colour  (Tumbuirs  blue). 

K8(Cy«Fej)  +  (8FeO,S03)=Fe8(Cy^Fe,)  +8(EO,803). 

Sesquichloride  of  iron  occasions  no  precipitate  but  only  gives 
a  darker  colour  to  the  solution. 

Sulphate  of  copper  produces  a  yellowish-green  precipitate. 

Profonitrate  of  eohalt  a  dark  reddish-brown  precipitate. 

Nitrate  ofeiher  produces  a  dark  orange-coloured  precipitate 
soluble  in  ammonia. 

Suhnitrate  of  mercury  a  brownish-red  precipitate.  The  in- 
soluble ferridcyaoides  are  decomposed  by  fusion  with  alkaline 
carbonates,  soluble  ferridcyanides  being  formed. 
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106.  Hydbosulphueic  Aciu  (Sulphuretted  Hydeogen).(HS.) 

This  acid  is  a  colourless  gas,  which  under  strong  pressure 
becomes  liquid;  it  has  a  highly  offensive  odour,  resembling  that 
of  putrid  eggs ;  its  taste  is  acid,  astringent,  and  bitter ;  it  is  in- 
flammable, burning  with  a  blue  flame,  aud  disengaging  sul- 
phurous acid;  it  explodes  violently  when  mixed  with  oxygen  or 
atmospheric  air  and  ignited ;  when  mixed  with  chlorine,  sulphur 
is  deposited  and  hydrochloric  acid  formed  ;  it  is  highly  delete- 
rious when  inspired,  even  when  mixed  with  a  large  quantity  of 
air;  it  is  absorbed  by  water,  which  acquires  its  peculiar  smell 
aud  a  nauseous  sweet  taste ;  the  solution  reddens  litmus-paper, 
.and  decomposes  bv  exposure  to  the  sir,  sulphur  being  depo- 
sited ;  most  metallic  oxides  are  decomposed  by  hydrosulphurio 
acid,  sulphides  of  the  metah,  and  tcateTf  being  formed.  The 
alkalies  and  alkaline  earths^  and  the  oxides  of  chromium,  tan^ 
talwm,  and  titanium^  do  not  exchanire  their  oxygen  for  sulphur 
in  the  moist  way.  The  sulphides  of  the  metals  of  the  alkalies, 
and  the  alkaline  earths,  are  soluble  in  water ;  they  are  decom- 
posed by  dilute  mineral  acids  with  the  evolution  of  sulphuretted 
nydrogon,  which  is  readily  recognized  by  its  odour  and  by  its 
action  on  paper  moistened  with  solution  of  lead. 

KS-|-H0,S08=K0,S0,  +  HS. 
The  sulphides  of  the  metals  of  the  fourtb  group  are  insoluble 
in  water,  but  are  likewise  decomposed  by  dilute  mineral  acids. 

FeS-|-HO,SO.=  FeO,s68  +  HS. 
All  the  other  metallic  sulphides  but  sulphide  of  mercury  sire  de- 
composed by  strong  nitric  acid,  sulphuric  acid  being  formed, 
.and  sulphur  generally  separated ;  aqua-regia  efiects  their  de- 
composition more  easily,  it  also  dissolves  sulphide  of  mercury. 
.As  some  metallic  oxides,  when  dissolved  in  acids,  are  precipi- 
tated by  sulphuretted  hydrogen,  while  others  are  not,  and  as 
the  precipitated  sulphides  differ  in  colour,  and  in  other  proper- 
ties, sulphuretted  hydrogen  becomes  a  valuable  reagent  for  de- 
tecting and  separating  metallic  compounds.  Most  metallic 
sulphides  are  decomposed  by  heat  with  access  of  air«  evolving 
sulphurous  acid  ;  the  alkaline  sulphides  thus  treated  are  con- 
verted into  sulphates. 

When  hydrosulphuric  acid,  or  a  solution  of  an  alkaline  or 
earthy  sulphide,  is  brought  into  contact  with  nitrate  of  silver 
or  acetate  of  lead,  black  precipitates  are  formed. 

AgO,Nqs  +  H8  =  AgSH-HO,N06. 

PbO,A  +  HS  =  Pb8+HO,A. 
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'Either  of  these  salts  are  therefore  certain  tests  of  the  presence 
of  this  acid  in  the  gaseous  state ;  a  strip  of  paper  moistened 
with  solution  of  subacetate  of  lead  is  generally  employed. 

Chlorine^  bromine^  sulphurowf  acid^  nitrous  acid,  iodic  acid, 
•chromic  acid,  and  the  sesquitalts  of  iron  all  decompose  hydrO' 
sulphuric  acid  with  the  separation  of  sulphur. 
■  An  alcoholic  solution  of  iodine  (or  an  aqueous  solution  of 
iodine  in  iodide  of  potassium)  is  converted  by  hydrosulphurie 
acid  into  hydriodic  acid  with  the  separation  of  sulphur. 

H-HS  =  HI  +  S. 
All  the  compounds  of  sulphur  when  mixed  with  soda  and 
jgnited  on  charcoal  before  the  blowpipe  in  the  reduction  flame, 
yield  liver  of  sulphur,  which  eTolves  sulphuretted  hydrogen  when 
treated  with  a  mineral  acid,  and  produces  a  brownish-black 
spot,-  when  moistened  and  placed  on  a  piece  of  polished  silver. 


III. — ^Adds  not  precipitated  by  either  Chloride  of 
Barium  or  Nitrate  of  Sihrer. 

107.  NiTBio  Acid.    (NOj.) 

General  characters, — ^This  acid  has  been  obtained  in  an  an- 
hydrous state  by  passing  perfectly  dry  chlorine  gas  over 
crystals  of  well-dried  nitrate  of  silver  at  a  temperature  not  ex- 
ceeding 200°  Fahr.  The  hydrated  acid,  in  its  most  concentrated 
form,  is  a  colourless,  fuming  liquid,  very  easily  decomposed, 
mere  exposure  to  the  light  causing  it  to  become  yellow,  and  to 
disengage  oxygen  gas.  It  is  one  of  the  strongest  of  the  acids, 
and  constitutes  a  reagent  of  the  greatest  value,  from  the  facility 
with  which  it  parts  with  a  portion  of  its  oxygen.-  The  yellow 
fuming  acid,  containing  nitrous  acid,  possesses  generailv  the 
greatest  oxidising  power.  The  most  highly  concentrated  acid 
18,  in  many  cases,  without  action  en  bodies  on  which'  a  diluted 
acid  acts  with  energy;  thus  the  eonoentrated  acid  does  not 
attack  lead  or  tin^  while  the  addition  of  a  small  quantity  of 
water  causes  an  energetic  action  to  take  place.  Organic  sub- 
stances are  for  the  most  part  resolved  by  the  concentrated  acid 
into  carbonic  acid  and  water,  the  action  in  many  cases  being 
sufficiently  energetic  to  cause  them  to  take  fire ;  the  diluted 
acid  generally  converts  them  into  oxalic,  malic,  and  carbonic 
acids.  Nearly  all  metallic  oxides  are  dissolved  by  nitric  acid, 
the  exceptions  gre  oxidjBS  of  tin  and  antimony f  tellurous  and 
tungstio  acids.    All  the  neutral  salts  of  nitric  acid  are  soluble 
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in  water,  and  all  are  decomposed  at  a  strong  red-heat,  tbe 
nature  of  the  products  depending  on  the  nature  of  the  base; 
thus  the  alkahue  nitrates  yieJd  oxygen  and  nitrogen,  while 
other  metallic  nitrates  give  oxygen  and  an  inferior  oxide  of 
nitrogen.  When  nitrates  are  ignited  in  the  presence  of  other 
substances  susceptible  of  oxidation,  they  take  the  liberated 
oxygen,  and  in  some  cases  the  combination  is  attended  by  de- 
flagration; thus  a  nitrate  thrown  on  red-hot  charcoal  caus3S 
the  latter  to  throw  off  brilliant  scintillations ;  a  mixture  of  a 
nitrate  with  cyanide  of  potassium  deflagrates  vividly  when 
heated  on  a  platinum  plate ;  and  phosphorus  and  sulphur 
brought  into  contact  with  a  heated  nitrate,  occasion  a  violent 
detonation. 

108.  Detection  of  Nitric  Acid  in  solutions  of  Nitrates, 
(Solution  ofl^itrate  of  Potash  (EO,NOf}  may  be  used.) 

JEfydrochlaric  acid  added  in  excess  to  nitric  acid  or  to  a  solu- 
tion of  a  nitrate,,  gives  it  the  propertv  of  dissolving  gold  leaf, 
in  consequence  of  the  liberation  of  chlorine. 

When  a  solution  containing  a  nitrate  is  mixed  with  half  its 
volume  of  concentrated  snlpnuric  acid,  allowed  to  cool,  and  a 
•crystal  of  protosulphate  of  tron  added,  the  liqmid  round  the 
crystal  assumes  a  reddish-brown  colour,  in  consequence  of  the 
following  reaction. 

10(FeO,SOg)+KO,NOg  +  4(HO,SO-)=: 

4(FeO,S03),N03  +  3(Fe503,3S03)  +  KO,S05  +  4HO. 
Or,  the  solution  to  be  tested  having  been  mixed  with  a  larger 
volume  of  concentrated  sulphuric  acid  and  aUowed  to  cool,  a 
strong  solution  of  protosulphate  of  iron  is  carefully  poured 
upon  it,  when*  a  violet  amethustine-red  or  hlaehish^hrown  colour, 
according  to  the  quantity  of  nitric  acid  present,  will  be  seen 
at  the  place  of  contact,  which  increases  on  careful  agitation, 
but  disappears*  on  heating.  By  this  mode  of  operating,  and  in 
the  absence  of  chlorine,  the  smallest  traces  ef  nitric  acid  m&y 
be  detected. 

When  a  solution  of  a  nitrate  is  concentrated,  and  heated  in 
a  test-tube  with  copper  filings  or  turnings,  and  concentrated 
sulphuric  acid,  nitric  oxide  gas  is  set  free,  which,  eombining 
with  the  oxygen  of  the  air  in  the  tube,  forms  ruddy  fumes  of 
hvponitrie  acid, 

(l.)KO,N05  +  HO,S;03  =  KO,S08  +  HO,NOfi. 

(2.)4(HO,N05)+3Cu=3(OuO,NOB)+4HO-fNOjj. 

When  a  solution  of  a  nitrate  is  mixed  with  sulphuric  acid. 
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and  a  Bufficient  quantity  of  a  solution  of  iodigo  in  sulphurid 
acid  added  to  give  it  a  distinct  blue  colour,  and  the  mixture 
heated,  the  colour  is  either  discharged,  or  turned  yellow,  in  con- 
sequence of  the  oxidation  of  the  indigo  at  the  expense  of  the 
nitric  acid. 

If  a  small  crystal  of  sulphate  of  manganese  be  placed  in  a 
.porcelain  capsule,  covered  with  phosphoric  acid,  and  heated  to 
dryness,  a  colourless  residue  is  obtained  ;  but  if  the  smallest 
quantity  of  nitric  acid,  or  a  nitrate  be  present,  it  has  a  tiolet^  crim^ 
Moiiy  or  dark-red  colour,  according  to  the  quantity  of  nitric  acid« 
This  is  probably  the  most  delicate  test  of  this  acid  at  present 
known. 

If  a  solid  nitrate  be  heated  with  concentrated  sulphuric  acid, 
nitric  acid  distils  over,  which  produces  a  white  cloud  with 
ammonia,  and  does  not  occasion  any  turbidity  when  passed  into 
solution  of  nitrate  of  silver;  sometimes  the  brownish-red 
fumes  of  hyponitric  acid  are  perceptible,  in  consequence  of  the 
decomposition  of  nitric  acid  oy  the  heat. 

All  nitrates  when  heated  on  charcoal  deflagrate ;  violently 
with  cyanide  ofpotamum^  in  consequence  of  the  decomposition 
of  the  cyanogen,  carbonic  acid  and  nitrogen  being  evolved. 

109.  NiTKoxrs  Acid.     (NOj.) 

At  ordinarv  temperaturea  this  acid  is  a  gas  of  a  dark  yel- 
lowish-red coioar ;  at  O^Fahr.  it  condenses  into  a  blue  and  very 
volatile  liquid,  which  is  decomposed  when  brouglit  into  contact 
with  water.     Thus  :— 

8N08  +  H:0  =  HO,NOB-h2NOs^ 
Nitrous  acid  forms  a  class  of  salts  calleNol  nitrites.    The  alkaline 
nitrites  are  soluble  in  alcohol ;  the  corresponding  nitrates  are 
insoluble. 

When  submitted  to  gentle  distillation,  the  nitrites  expel  ni- 
tric oxide  gas,  nitrates  being  formed. 

The  neutral  nitrites  colour  the  protosalts  of  iron  a  blackish- 
brown. 

They  reduce  terchJbride  of  gold  and  svhsalts  qfimereury  to  the 
metallic  state. 

With  nitrate  of  silver  alkaline  nitrites  produce  a  sparingly 
soluble  crystalline  nitrite  of  silver. 

When  a  fragment  of  nitrite  of  potash  is  moistened  with  a  so- 
lution of  sulphate  of  copper,  a  brilliant-yreen  colour  is.produced. 

Acetic  acid  decomposes  solutions  of  nitrites,  the  hquid  then 
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striking  an  olite-green  colour  with  solution  of  protosulphaie  of 
iron. 

110.  Chloric  Acid.    (HOjClOg.) 

When  concentrated,  it  is  a  yellowish  oily-looking  liquid,  very 
8our,  reddening,  and  finally  bleaching,  litmus-paper ;  it  is  very 
unstable,  being  resolved  by  heat  into  percklortc  add^  ocBygen, 
and  chlorine :  it  converts  sulphurous  into  sulphuric  acid,  and 
is  at  the  same  time  itself  reduced  to  chlorine ;  it  also  converts 
sulphuretted  hydrogen  into  sulphuric  acid,  sulphur,  and  water ; 
all  its  compounds  with  bases,  are  soluble  in  water;  they  do 
not  possess  bleaching  properties,  but  when  mixed  with  sul- 
phuric acid  they  are  decomposed,  perchloric  acid»  chlorine,  hypo- 
chloric  acid,  and  oxygen  oeing  formed ;  the  solution  becomes 
yellow,  and  it  then  possesses  the  power  of  destroying  the  co- 
lour of  blue  vegetable  infusions,  and  by  the  application  of  heat 
decolorizes  solution  of  indigo.  The  alkaline  ehloratea^  when 
ignited,  disengage  oxygen,  and  become  converted  into  chlorides ; 
•most  other  chlorates  are  resolved  by  heat  into  metallic  oxides, 
and  a  mixture  of  oxygen  and  chlorine.  Concentrated  sulphuric 
acid  in  contact  with  the  chlorates,  is  coloured,  first  brown  and 
then  yellow,  whilst  a  very  explosive  greenish-yellow  gaa  (CIO J 
escapes. 

3(K0,CL0) +4(HO,S03)= 
2  (K  0,H  0,2808) +  K0,C10«+  2C104-h2HO. 
When  triturated  with  sulphur  or  pnosphorus,  chlorates  deto- 
nate with  dangerous  violence ;  a  mixture  of  a  chlorate  with 
sugar  bursts  into  a  flame  on  being  touched  with  a  drop  of  con- 
centrated sulphuric  acid. 

The  compounds  oi  perchloric  add  (HOyClO^)  with  bases, 
are  distinguished  from  chlorates  by  their  greater  stability,  not 
being  decomposed  by  acids  or  reducing  agents ;  their  solutions 
do  not  therefore  become  yellow  on  being  mixed  with  sulphuric 
iicid.  The  perchlorate  qfpoUuia  is  remarkable  for  its  difficult 
solubility  in  water. 

'The  compounds  of  hypochloric  acid  (CIO)  with  bases  have 
bleaching  properties.  Bleaching  salts  (hypochlorite  of  lime  and 
hypochlorite  of  soda)  are  always  mixed  with  chlorides.  Chlo- 
ride of  lime  contains  also  some  hydrate  of  Hme.  They  are  de- 
composed on  the  addition  of  an  acid,  with  the  evolution  of  chlo- 
.rine  only. 
CaO,C10  +  CaCH-2(HO,S08)=2(CaO,SOg)  +  2C1+2HO. 
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They  ore  powerful  oxidizing  agents,  and  are  decomposed  by 
heat  and  by  exposure  to  light ;  they  decompose  salts  of  nutn- 
ganese^  and  Z^aJ,  precipitating  from  the  former,  hydrated  per-i 
oxide  of  manganese,  and  from  the  latter,  first  chloride,  and 
then  brown  peroxide. 

Pure  hypochlorites,  when  treated  with  sulphuric  acid,  eyolve 
hypochlorous  acid. 

CaO,C10  +  HO,SOj=:CaO,SO,  +  C10  +  HO. 
If  a  solution  of  arsenious  acid  in  hydrochloric  acid  be  coloured 
blue  by  solution  of  indigo,  and  mixed  gradually  with  a  dis- 
solved bleaching  salt,  no  decolorization  of  the  liquid  will  take 
place  until  all  the  arsenious  acid  has  been  conyerted  into  ar- 
senic acid.  On  this  reaction  is.founded  a  method  of  estimating 
the  value  of  bleaching-powder. 


B.— OBGANIO  ACIDS. 
I. — ^Acids  precipitated  by  Chloride  of  Caloium. 

(OxaUOf  Tartttrief  Paratart<uriCf  Citrio,  and  Malic  Adda,) 

111.  Oxalic  Acid.    (HOjC^Og;  or  H0,0.) 

General  characters, — It  crystallises  in  four-sided  prisms, 
which  are  colourless,  very  soluble  in  water,  very  acid,  and  poi* 
sonous.  These  crystals  contain  tbree  equivalents  of  water  of 
crystallization,  which  when  sharply  heated  they  lose,  the  dry 
acid  subliming;  at  a  high  temperature,  oxalic  acid  is  decom- 
posed into  water ^  earhonic,  andjbrmic  acids,  without  blackening, 
Dy  which  it  is  distinguished  from  most  other  organic  acids.  The 
alkaline  oxalates  are  soluble  in  water,  as  are  also  some  other 
oxalates  with  a  metallic  base ;  they  are  all  decomposed  at  a 
red-heat,  alkaline  and  earthy  oxalates  being  thereby  converted 
into  carbonates. 

Comportment  of  solutions  of  Oxalic  Acid^  and  Oxalates, 

with  reagents, 

(Solution  of  Oxalate  of  Ammonia  (NH4OO)  may  be  used.) 

Chloride  of  calcium   and  all  soluble  lime  salts  produce  a 

white  precipitate  even  in  highly  dilute  solutions  (Ca  0,0  +  2  aq), 
insoluble  in  water  as  well  as  in  oxalic  and  acetic  acids,  but  rea- 
dily soluble  in  hydrochloric  and  in  nitric  acids ;  the  presence 
ipf  ammonia  promotes  the  precipitation  of  oxaUc  acid  by  salts 
of  lime. 


178  aUALITATIYS   ANALYSIS. 

Chloride  ofhariwn  produces  a  white  precipitate  (BaO,  O  +  aq) 
almost  insoluble  in  water,  but  soluble  in  nitric  and  in  hydro* 
chloric  acids. 

NUrate  of  silver  gives  a  white  precipitate,  soluble  in  nitric 
acid  and  in  ammonia. 

Acetate  of  lead  produces  a  white  precipitate. 

When  heated  with  concentrated  sulphuric  acid,  oxalic  acid 
and  dry  oxalates  are  decomposed,  and  the  oxalic  acid  resolved 
into  carbonic  acid  and  carbonic  oxide  gases, 

HO,Cj08  =  C02  +  CO  +  HO, 
which  escape  with  effervescence.    The  latter  gas  may,  if  present 
in  sufficient  quantity,  be  kindled ;  it  bums  with  a  blue  flame : 
if  the  mixture  become  black,  it  is  a  proof  that  it  contains  some 
other  organic  substance. 

112.  TABTA.BIO  Acid.    (2  H O,  CgH^ Ojo ;  or  2H 0,T.) 

General  characters. — This  acid  crystallizes  in  large  rhombic 
prisms,  which  are  soluble  in  water  and  have  a  pleasant  acid 
taste*;  the  solution  decomposes  by  keeping,  becoming  covered 
with  a  raouldiness.  When  heated,  the  crystallized  acid  loses 
water,  and  gives  rise  to  the  formation  of  a  series  of  new  com- 
pounds ;  and  when  treated  at  a  high  temperature  with  a  strong 
solution  of  hydrate  of  potasea^  it  is  converted  into  acetate  and 
oxalate  of  potassa.     Thus  : — 

2HO,CgH,Oio  =  HO,C,H,0,  +  2(HO,C,0,). 

^- -^ "  > s>        •  ^  ^ ^ ^ 

Tttrtaric  acid.  Acetic  acid.  OxaHc  acid. 

The  alkaline  tartrates  are  soluble  in  water;  all  the  salts  of 
tartaric  acid  that  are  insoluble  in  water  are  easily  soluble  in 
hydrochloric  acid. 

Cofnportment  of  Tartaric  Acid,  and  solutions  of  Tartrates, 

toith  reagents, 

(Solution  of  Tartrate  of  Soda  (2NaO,f)  may  be  used.) 

Chloride  of  calcium  produces  a  white  precipitate  almost  in- 
soluble in  water,  but  soluble  in  ammoniacal  salts,  the  presence 
of  which,  therefore,  prevents  its  formation ;  it  is  soluble  also 
in  cold  potassa,  but  excess  must  be  avoided,  or  hydrate  of  lime 
will  be  precipitated ;  if  the  potassa  solution  be  boiled,  tartrate 
of  lime  separates  as  a  gelatinous  mass,  whioii'redissolyes  as  the 
solution  cools. 

Lime  water  produces  in  solutions  of  neutral  tartrates  a  white 
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precipitate,  dissolfing  in  tartaric  acid,  and  also  in  ammbniacal 
aalts. 

Chloride  of  barium  produces  a  white  precipitate  soluble  in 
dilute  acids. 

Acetate  of  lead  occasions  a  white  precipitate  of  tartrate  of 
lead,  which  when  ignited  out  of  access  of  air  is  decomposed, 
metallic  lead  in  a  fine  state  of  division  being  formed,  which 
bums  when  projected  into  the  air. 

Nitrate  of  eilner  produces  a  white  precipitate  of  tartrate  of 
silver,  which  by  boiling  is  reduced  to  a  shining  mirror,  adhering 
to  the  glass  by  agitation ;  the  reduced  metal  separates  in  thin 
laminiB. 

When  a  salt  of  potaeea  (the  acetate  answers  best)  is  added 
to  free  tartaric  acid,  and  the  mixture  agitated,  a  sparingly  so- 
luble crystalline  bitartrate  of  potassa  separates ;  the  addition 
of  alcohol  further  diminishes  th^  solubility  of  this  salt,  which 
is  freely  dissolved  in  alkalies  and  in  mineral  acids. 

Tartarie  acid  possesses  the  property  of  preventing  the  pre- 
cipitation of  several  metallic  oxides  by  ajkaues,  in  consequence 
of  the  fointiation  of  soluble  tartrates  not  decomposed  by  al- 
kalies; among  the  metallic. oxides  which  it  thus  affects  are 
alumina,  peroxide  of  iron,  ^si^  protoxide  of  manganese. 

Tartrates,  when  heated,  carnonize,  emitting  a  very  peculiar 
odour;  the  tartrates  of  the  alkalies  and  alkaline  earths  are 
thus  converted  into  carbonates. 

Fabatabtaric  Acu),  OB  Bacsmio  Acid. 

This  acid  is  isomeric  with  tartaric  acid,  from  which  it  is  dis<« 
tinguished  by  the  insolubility  of  its  lime  salt  in  excess  of  acid 
and  in  ammoniacal  salts,  and  by  the  formation  after  a  time,  of 
a  precipitate,  with  solution  oi  gypsum. 

113.  CiTBio  Acid.    (3  H  O,  Ci^Hg  On ;  or  8  H  O,  Ci.) 

General  eharaeters, — This  acid  forms  large  transparent  crys- 
tals, very  soluble  in  water,  and  of  a  strong  but  pleasant  acid 
taste;  its  solution,  like  that  of  tartaric  acid,  decomposes  by 
keeping.  The  acid  itself  carbonizes  when  heated  to  redness^ 
emitting  a  pungent  acid  vapour ;  when  heated  with  sulphuric 
acid  in  excess,  it  is  decomposed  into  earbonio  acid,  carbonic 
oxide,  acetic  acid,  and  water.    Thus : — 

The  alkaline  citrates  are  soluble  in  water ;  the  insoluble  salts 
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of  citric,  and  in  fact  of  all  organic  acids  are  decomposed  bj 
boiling  with  carbonate  of  soda,  soluble  alkaline  salts  being  thus 
obtained. 

Comportment  of  Citric  Acid,  and  toluiions  of  soluble  Citrates 

with  reagents. 

(Soltttron  of  Citrate  of  Soda  (3NaO,Ci)  i&ay  be  used.) 

Chloride  of  calcium  produces,  in  solutions  of  citrates,  but  not 
in  citric  acid,  a  white  precipitate  of  neutral  citrate  of  lime, 
insoluble  in  potaasa,  but  readily  soluble  in  sal-ammoniac, 
from  which,  however,  a  basic  citrate  of  lime  is  precipitated  hj 
boiling. 

Lime  water  produces  no  precipitate  in  the  cold;  but  by 
boiling,  basic  citrate  of  lime  is  deposited,  which  is  redissolTca 
as  the  solution  cools ;  this  reaction  serves  to  distinguish  citric 
acid  from  most  other  organic  Acids. 

Acetate  of  lead  produces  a  white  precipitate,  sparingly  solu- 
ble in  ammoniacal  salts  and  in  ammonia,  out  readily  soluble  in 
eitrste  of  ammonia. 

Citric  acid,  like  tartaric  acid,  prevents  the  precipitation  of 
certain  metallic  oxides  by  alkalies. 

114,  Malic  Acid.     (2H0,  CgH^Oe;  or  2H0,M.) 

This  acid,  which  occurs  in  several  acid  fruits,  crystallizes 
with  some  difficulty,  and  deliquesces  rapidly  when  exposed  to 
the  air ;  at  the  temperature  of  230^  it  gradually  decomposes 
into  fwmaric  acid  (2HO,CgH3O0,),  crystalliziDg  in  micaceous 
scales ;  at  a  higher  temperature  it  is  in  a  great  measure  con- 
verted into  maleic  acid  (2  B  OyCgH^OQ,^,  which  rises  as  a  crys- 
talline sublimate,  Jumaric  acid  remaining  in  the  retort.  The 
salts  which  this  acid  fonns  with  bases  are  mostly  soluble  in 
water. 

Comportment  of  Malic  Acid,  and  solutions  ofMalafes 

with  reagents. 

Chloride  of  calcium  does  not  produce  any  precipitate  till  al- 
cohol is  added,  when  white  mdlate  ofUme  is  deposited. 

Lime  water  produces  no  precipitate  either  in  hot  or  cold  so- 
lutions of  malates,  by  which  this  acid  is  distinguished  from 
tartaric,  racemic,  citric,  and  oxalic  acids. 

Acetate  of  lead  produces  a  white  precipitate  (2PbO,CgH4 
Og,6aq),  which,  by  repose,  crystallizes  in  needles,  and  which 
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fuses  under  the  boiling-point  of  water.    Tlie  best  test  of  malic 
acid  is  probably  its  comportment  under  heat. 

II.~Acid8  preoipitated  by  Sesquiohloride  of  Iron. 

{Succinic,  Smtzoio,  Tanme,  and  GaUio  Acids.) 

115.  Succiwio  Acid.    (2H0,C8H405;  or2HO,8u.) 

This  acid  is  crystalline  and  volatile ;  its  vapour  is  exceedingly 
acrid  and  penetrating.  It  is  very  stable,  resisting  the  action  of 
nitric  acid,  chlorine,  and  even  of  a  mixture  of  hydrochloric 
acid  and  chlorate  of  potash.  It  combines  with  anhydrous  sul- 
phuric acid,  forming  sulphosuccinie  acid,  which  is  tribasic.  It 
was  originally  obtained  from  amber,  whence  its  name.  The 
salts  which  it  forms  with  bases  are  mostly  soluble  in  water. 

Comportment  qf  Succinio  Acid  and  solution*  of  Succinates  with 

reagents. 

(Solution  of  Snooizuite  of  Ammonia  (2NH4O,0gH4Og)  may  be  lued.) 

Sesquichloride  of  iron  produces  a  brownish-red  voluminous 

Srecipitate,  soluble  in  acids  and  decomposed  by  ammonia,  hy- 
rated  sesquioxide  of  iron  being  formed. 
Acetate  of  lead  produces  a  white  precipitate  of  succinate  of 
lead,  soluble  in  excess  and  in  tartaric  and  acetic  acids. 

Aa  the  alkaline  and  earthy  succinates  are  insoluble  in  alcohol, 
the  acid  after  the  addition  of  alcohol  and  ammonia  is  precipi- 
tated by  chloride  of  barium, 

* 

116.  Bbkzoio  Acid.    (HO,Ci4H508;  orHO,Bz.) 

This  acid  is  obtained  by  sublimation,  in  the  form  of  light 
flexible  pearly  scales,  or  by  precipitation  as  a  crystalline  powder. 
When  pure,  it  has  no  smell.  It  is  fusible  and  volatile,  its 
vapour  Doing  like  that  of  succinic  acid,  very  irritating.  It  is 
tiot  very  soluble  in  cold  water,  more  so  in  hot,  and  readily  so- 
luble in  alcohol.  Its  principal  source  is  gum-benzoin.  Most  of 
its  salts  are  soluble  in  water* 

Chmportment  of  Benzoic  Acid  and  solutions  of  Benzoates  with 

reagents. 
(Solution  of  Neutral  Benzoate  of  Ammonia  (^^A^fiiA^fiii  maybe  ased.) 
On  the  addition  of  hydrochloric  acid  to  the  solution  of  a 
benzoate  in  water,  benzoic  acid  separates  as  a  white  crystalline 
powder. 
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Seigutehloride  of  iron  prodaces  a  pale-jellow  precipitate,  de- 
composed by  ammonia,  and  by  strong  acids,  which  combine 
with  sesquioxide  of  iron,  benzoic  acid  being  precipitated. 

■Acetate  of  lead  does  not  immediately  pi^cipitate  free  ben- 
zoic acid ;  but  it  produces  a  white  flaky  precipitate  in  solutions 
of  fixed  alkaline  oenzoates. 

117.  Tannic  Acid.    (Cg^HajOj^,  Strecher,) 

When  pure,  this  acid  is  nearly  white,  but  not  at  all  crystalline. 
It  is  yery  soluble  in  water ;  the  solution  absorbs  ox v gen  from 
the  air,  and  is  converted  into  gallic  acid.  It  has  a  most  astrin- 
gent but  not  bitter  taste.  It  is  almost  insoluble  in  ether.  It 
is  obtained  in  a  state  of  purity  from  the  gall  nut^  of  which 
it  constitutes  nearly  two-thirds  of  the  weight.  On  the  ad- 
dition of  a  mineral  acid,  a  precipitate  composed  of  tannic 
acid,  and  the  acid  employed,  is  determined.  Solution  oi gelatine 
produces  an  insoluble  curdy  precipitate.  The  whole  of  the 
tannic  acid  in  a  solution  may  be  removed  by  a  piece  of  animal 
membrane. 

Solution  of  starchy  and  most  of  the  yegetable  bases  also,  pro- 
duce precipitates. 

Sesquickloride  of  iron  gives  a  dark  blue-black  precipi- 
tate. 

118.  Gallic  Acib.     (SH0,Ci^li^0j2tiq,  Streeker.) 

This  acid  forms  beautiful  prisms  of  a  silky  lustre,  and  a 
slightly  yellow  colour.  It  is  not  Very  soluble  in  cold,  but  dis- 
solves in  three  parts  of  boiling  water.  Its  alkaline  solution, 
when  exposed  to  the  air,  becomes  first  yellow,  then  green,  red, 
brown,  and  finally  nearly  black,  by  the  absorption  of  oxygen. 
It  is  not  precipitated  by  gelatine ;  its  solution  in  hot  sulphuric 
acid  is  precipitated  by  wliter  as  a  reddish-brown,  crystalline 
powder,  possessing  colouring  properties,  and  which,  when 
neated,  yields  fine  red  prisms.  By  the  action  of  heat  it  is  con- 
yerted  into  pyrogallic  and  metagallic  acids. 

Solutions  of  gallic  acid  give,  with  a  mixture  of  the  salts  of 
protoxide  and  ee^quioxide  if  iron,  a  dark-blue  precipitate ;  with 
salts  of  oxide  of  iron  the  precipitate  is  black. 
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III.— Adds  not  preoipitated  by  Chloride  of  Oaloium, 

or  by  Sesqxiicbloride  of  Iron. 

{Acetic^  ForwUoy  Uric,  and  Meoonie  Aeida.) 

119.  AcJETic  Acid.    (HCC^HjO,;  or  HOjAcOj;  or  HO,  A.) 

The  normal  acid  at  temperatures  below  G0°  is  a  crystalline 
Bolid.  It  melts  at  62^  or  63^  ibrmiog  a  liquid  of  a  pungent, 
peculiar,  and  agreeable  smell,  and  a  burning  acid  taste.  It  has 
a  powerful  action  on  the  skin,  on  which  it  raises  a  blister,  pro- 
ducing a  painful  sore.  It  boils  at  248^,  and  its  vapour  is  in- 
flammable. It  is  decomposed  bv  anhydrous  sulpnuric  acid, 
and  also  by  chlorine,  two  new  acids,  sulphacetic  and  ckhracetie 
adds,  being  formed.  It  is  also  decomposed  when  passed  in  a 
state  of  vapour  through  a  red-hot  tube,  the  products  being  ear' 
bonic  acid  and  acetone.    Thus : — 

C^HjOjrsCOg  +  CsHgO, 

Acetone. 
Acetates,  when  heated,  are  decomposed  with  the  same  trans- 
formation. The  greater  number  of  the  acetates  are  soluble  in 
water.  Acetate  of  silver^  and  acetate  of  eubosfide  of  mercury 
are  crystalline,  and  only  sparingly  soluble.  When  heated  with 
dilute  sulphuric  acid,  acetates  are  decomposed  with  the  libera- 
tion of  acetic  acid ;  when  heated  with  concentrated  sulphuric 
acid  and  alcohol,  acetic  ether  is  disengaged,  which  may  be 
known  by  its  peculiar  odour.  When  an  acetate  is  heated  with 
potaeea  and  arsenious  acid,  oande  ofhaJcodyl  (C^H^As,!))  highly 
poisonous,  is  disengaged.  With  excess  of  oxide  of  lead,  acetic 
acid  forms  a  solution  which  has  an  alkaline  reaction.  See- 
quichloride  of  iron  exhibits  no  reaction  with  acetic  acid ;  but 
in  solutions  of  neutral  acetates,  peracetate  of  iron  is  formed, 
which  imparts  to  the  solution  a  blood-red  colour. 

120.  PoRMic  Acid.    (HOjCgHOg.) 

This  acid  in  its  most  concentrated  state,  fumes  in  the  air,  and 
has  a  very  pungent  acid  smell.  At  a  low  temperature,  it  crys- 
tallizes in  brilliant  scales.  It  is  highly  corrosive,  acting  power- 
fully on  the  skin,  and  producing  painful  sores.  It  boils  at  212^, 
and  its  vapour  is  inflammable ;  all  its  salts  are  soluble  in  water. 
They  have  a  general  resemblance  to  the  acetates,  but  are,  never- 
theless, quite  distincU    When  heated  to  redness,  they  give  o^ 

PAET  I.  N 
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carbonic  acid  and  carbonic  oxide,  leaving  the  metal  reduced,  or 
carbonic  oxide,  leaving  a  metallic  oxide.  Bj  the  property 
which  this  acid  and  its  salts  possess,  of  reducing  the  oxides  of 
the  precious  metals,  it  is  distinguished  from  acetic  acid.  When 
nitrate  of  nlver,  or  subnifrate  of  mercwry  are  added  to  con- 
centrated solutions  of  alkaline  forroiates,  sparingly  soluble  pre- 
cipitates are  formed,  and  on  the  application  of  hent,  a  reduction 
instantly  takes  place,  carbonic  acid  and  water  being  formed. 
Thus  :— 

HO,CjH08  +  2HgO  =  2Hg  +  2C08  +  2HO. 

By  gently  heating  chloride  of  mercury  with  an  alkaline  for* 
miate,  it  is  reduced  first  to  subchloride,  and  then  to  metallic 
mercury. 

When  formic  acid  is  heated  with  concentrated  sulphuric  acid, 
it  is  decomposed  into  water  and  carbonic  oxide.  Tnus : — 
HO,C2HO.+  HO,S03  =  2CO  +  HO,S03+2HO, 
The  sulphuric  acid  withdraws  from  the  formic  acid  the  elements 
of  water,  and  a  transposition  of  its  atoms  takes  place.  The 
eame  decomposition  occurs,  on  heating  a  formiate  with  sulphuric 
acid. 

121.  XJhio  Aoid.    (2HO,CioHjN404.) 

This  acid  is  separated  from  its  compounds  by  mineral  acids 
as  a  white  crystallme  powder.  It  is  very  sparingly  soluble  in 
water,  the  solution  reddens  litmus ;  all  its  salts  are  likewise 
very  sparingly  soluble.  WTien  uric  acid  is  dissolved  in  nitric 
acid,  tne  solution  evaporated  to  dr3'ness,  and  ammonia  added,  a 
beautiful  crimson  colour  is  obtained.  This  is  the  characteristic 
test  for  uric  acid : — the  substance  to  be  examined  is  warmed  in 
a  watch-glass  with  a  drop  of  nitric  acid,  and  evaporated  to  dry- 
ness at  a  gentle  heat ;  the  residue  will  have  a  red  colour  if 
uric  acid  be  present,  becoming  crimson  when  exposed  to  the 
vapour  of  ammonia.  This  beautiful  compound  is  muresid  or 
purpurate  of  ammonia ;  on  the  addition  of  a  drop  of  caustic 
potassa  a  magnificent  ouf^^  colour  is  produced,  which  vanishes 
on  the  application  of  neat.  By  fusion  with  alkalies,  uric  acid 
disengages  ammonia. 

122.  MECoiric  Acid.     (3HO,C|4HOh,  6aq.) 

This  acid,  which  is  found  only  in  opium,  crystallises,  when 
pure,  in  the  form  of  beautiful  white  silvery  scales.  It  is  so- 
luble in  water  and  in  alcohol.    The  solution  is  decomposed  by 
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boiling;  ifc  is  also  decomposed  by  hydrochloric  acid,  and  en- 
tirely so  when  heated  with  excess  of  potassa  ;  oxalic  acid,  car- 
bonic  acid,  and  a  colouring  matter  being  the  products.  Its  dis« 
tinguishing  character  is  tliat  of  causing  a  deep  hhod-red  colour 
in  solutions  of  persalts  of  iron,  without,  however,  any  precipi- 
tation taking  place. 
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CHAPTEB  V. 

ON  THE  COMPORTMENT  OP  THE  PRINCIPAL  ALKALOIDS 

WITH  REAGENTS. 

yicoiina  or  Niootine,  the  poisonous  alkaloid  of  Tobacco, 

Coma  or  Conicine,  the  poisonous  alkaloid  of  JSemloek. 

Morphia  or  Morphine^       ^ 

Nareoiina  or  Narcoiine,     >  the  alkaloids  of  Opium. 

Codeia  or  Codeine^  3 

Strychnia  or  Strychnine^    \  ii.  i  •  j     r  w 

Brueia  or  Brucine,  \  *^®  PO^o-^O"*  alkaloids  of  Nux  pomtea, 

AconUina  or  Acomtinc,  the  poisonous  alkaloid  of  Monkshood, 
Atropia  or  Atropine^  the  poisonous  alkaloid  of  the  Deadly  Nightthade, 

123.  NicoTiKA.     (C10H7N.) 

Oeneral  characters. — It  is  a  colourless  oily  liquid,  which  by 
exposure  to  the  air  becomes  first  yellow,  theu  brown,  and 
finally  solid,  by  absorbing  oxygen.  It  is  inflammable,  has  an 
acrid  taste,  and  an  extremely  irritating  odour.  It  is  soluble  in 
water,  in  alcohol,  and  in  ether ;  its  solution  in  alcohol  turns 
turmeric-paper  brown.  Its  salts  are  soluble  in  water,  and  in 
alcohol,  but  only  very  sparingly  soluble  in  ether. 

Inactions  with  reagents. 

Terchloride  of  gold  produces  in  aqueous  solutions  a  reddish- 
yellow  precipitate. 

Bichloride  of  platinum  causes  a  yellow  precipitate. 

Infusion  of  galls,  a  copious  white  precipitate. 

Chloride  of  mercury ^  protochloride  of  tin,  and  acetate  of  lead, 
white  precipitates. 

Chlorine  gas  decomposes  nicotina  with  the  evolution  of  hy- 
drochloric acid  gas,  and  the  formation  of  a  blood-red  liquid, 
which,  on  exposure  to  the  rays  of  the  sun,  becomes  colourless. 

Solution  of  iodine  produces  with  solution   of    nicotina  a 
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i^ddish-brown  precipitate,  the  colour  of  which  is  destroyed  by 
potassa  and  by  ammonia.  The  volatility  of  nicotina  is  its  roost 
marked  test. 

124.  CoNiA.     (CigHijN.) 

Qeneral  characters, — This  alkaloid  is  likewise  a  volatile, 
oily,  colotirless  liquid,  becoming  yellow  by  exposure  to  the  air. 
It  has  a  powerful  odour,  like  that  of  fresh  hemlock.  It  is  very 
soluble  in  alcohol  and  ether,  but  sparingly  so  in  water.  Ito 
vapour  fumes  when  brought  into  contact  with  vapours  of  ni- 
tric, hydrochloric,  and  acetic  acids.  Its  reactions  with  reagents 
are  very  similar  to  those  of  nicotina,  from  which  it  is  distin- 
guished by  its  odour  and  by  its  sparing  solubility  in  water. 

125.  Morphia.    (Cj^Hi^NOft, +  2aq.) 

General  characters, — This  alkaloid  occurs  in  small,  colourless, 
rectangular  prisms ;  by  heat  the  two  equivalents  of  water 
which  it  contains  are  expelled,  and  the  alkaloid  fuses  into  a  re- 
sinous mass  which  on  cooling  crystallizes.  It  is  soluble  in 
about  1000  times  its  weight  of  cold,  and  in  about  400  times  its 
weight  of  hot  water ;  the  solution  has  a  bitter  taste,  and  an  al- 
kaline reaction.  It  is  sparingly  soluble  in  cold  alcohol,  but 
abundantly  so  in  hot.  In  ether  it  is  very  sparingly  soluble ; 
the  fixed  alkalies  dissolve  morphia  in  considerable  quantities, 
ammonia  dissolves  it  less  readily.  The  salts  of  morphia  are  so- 
luble in  water  and  alcohol,  especially  in  presence  of  excess  of 
acid,  but  insoluble  in  ether. 

Reactions  with  reagents. 

Nitric  add  produces  with  morphia,  or  its  salts,  a  dark-oran^0 
colour,  gradually  passing  into  a  yellow. 

A  mixture  ot  nitric  and  sulphuric  acids  colours  morphia 
greenm 

On  adding  the  alkaloid  or  one  of  its  salts  to  a  solution  of 
iodic  acid,  iodine  is  set  iree,  imparting  a  Irown  colour  to  the 
liquid ;  if  some  starch  be  previously  added  to  the  iodic  acid,  the 
colour  becomes  blue. 

Sesquichloride  of  iron  produces  a  blue  precipitate,  soon  pass- 
ing into  a  dingy  greeny  and  finally  to  a  brofjim. 

Bichloride  of  platinum  produces  a  granular  orange^yeilow 
precipitate. 

From  a  solution  of  terehloride  qf  gold  the  metal  is  gradually 
reduced. 
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126.  Nakcotina.    (C4gH25NOi42aq.) 

This  alkaloid,  which  crystallizes  iu  large,  lustrous,  right 
rhombic  prisras,  possesses  a  rerj  feeble  alkaline  reaction ;  its 
salts  are  all  acid,  and  have  a  very  bitter  taste.  It  is  nearly  in- 
soluble in  water,  but  abundantly  so  in  alcohol  and  in  ether, 
especially  in  the  latter,  by  which  property,  and  by  its  not  strik- 
ing a  blue  colour  with  segquichlaride  of  iron,  narcotina  is  dis- 
tinguished from  morphia.  The  most  characteristic  test  is  bow- 
ever  the  following : — 

If  a  crystal  of  narcotina,  or  of  either  of  its  salts,  be  placed 
in  concentrated  sulphuric  acid,  and  a  drop  of  nitric  acid  added, 
a  blood-red  colour  will  be  produced,  which  on  the  addition  of 
more  nitric  acid  disappears. 

127.  Stbtohttta.    (C^gHggNgO^.) 

This  powerful  alkaloid  crystallizes  in  white  lustrous  prisms, 
or  in  octohedra.  Cold  water  does  not  dissolve  more  than 
ifjnns  ^^  ^^^  weight,  but  nevertheless  acquires  a  distinctly  bitter 
taste ;  in  ether  and  in  absolute  alcohol  strychnia  is  insoluble, 
but  in  hot  dilute  alcohol  it  dissolves,  crystallizing  out  on  cool- 
ing. Its  salts  are  soluble  in  alcohol.  The  sulphate,  nitrate, 
and  hydroehlorate  dissolve  in  water,  their  solubility  being  much 
increased  in  the  presence  of  free  acid.  Strychnia  is  insoluble 
in  the  caustic  alkalies,  but  soluble  in  the  essential  oils  and  in 
chloroform. 

JReactiona  with  reagents. 

Terchhride  of  gold  gives  a  reddish-yellow  precipitate. 

Bichloride  of  platinum,  a  yellow  granular  precipitate. 

Infusion  of  galls,  a  white  precipitate. 

Sulphocyanide  of  potassium,  a  white  crystalline  precipitate. 

Nitric  acid  added  to  strychnia  becomes  yellow,  if  the  acid  be 
concentrated,  it  acquires  at  the  first  moment  tk  rose-red  tint,  soon 
however  becoming  light-yellow. 

Chlorine  water  gives  a  white  precipitate  soluble  in  ammonia. 

JSichromaie  ofpotassa  and  sulphuric  acid  give  rise  to  a  beau- 
tiful violet  tint,  soon  fading  into  a  pale  rose-colour.  "  If,"  ob- 
serves Otto,  "  this  experiment  be  executed  with  the  necessary 
care,  the  strychnia  deposited  from  one  drop  of  an  ethereal  solu- 
tion can  be  very  distinctly  recognized ;  but  to  obtain  a  distinct 
reaction  it  is  requisite  that  the  amount  of  bichromate  be  pro- 
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porfcional  to  the  quantity  of  tbe  alkaloid,  and  this  is  best  at- 
tained by  using  the  former  in  the  shape  of  a  solid  piece,  and 
neither  as  a  powder  nor  in  solution.  After  solution  of  the 
strjehnia  has  been  effected,  the  acid  is  spread  out  over  the 
surface  of  a  porcelain  dish,  and  then  the  crystal  of  bichro- 
mate of  potassa  placed  in  it.  On  inclining  the  dish,  violei 
stripes  are  noticed  flowing  from  the  salt,  and  un  moving  the 
crystal  backward  and  forward  by  means  of  a  glass  rod,  the  whole 
of  the  liquid  assumes  a  rich  violet  colour. 

Other  oxidizing  agents  produce  a  similar  effect. 

If  a  crystal  of  strychnia,  or  either  of  its  salts,  be  placed  on  a 
slip  of  clean  platinum-foil,  and  moistened  with  strong  sul* 
phuric  acid,  and  if  the  foil  be  then  connected  with  the  positive 
pole  of  a  small  galvanic  battery  (two  of  G-rove's  cells  are  quite 
sufficient)  and  the  wire  from  the  negative  pole  be  brought  into 
momentary  contact  with  the  liquid  (taking  care  that  it  does 
not  touch  the  metal),  the  violet  colour  will  instantly  appear. 

For  the  physiological  test  for  strychnia,  we  are  indebted  to 
Dr.  Marshall  Hall.  This  consists  in  throwing  fresh  young 
frogs  into  tetanic  convulsions  by  the  action  of  the  poison.  The 
back  of  the  animal  should  be  cleaned  with  blotting-paper,  pre« 
vious  to  placing  them  in  the  liquid  to  be  tested.  I>r.  Hall 
states  that  by  this  method  titW  ^^  ^  grain  of  8tr}'chnia  may 
be  detected,  and  Dr.  Harley  found  that  when  a  solution  contain- 
ing only  TaVinr  ^^  ^  grain  of  acetate  of  strychnia  was  injected 
into  the  lungs  of  a  very  small  frog,  the  animal  became  vio- 
lently tetanic  in  nine  and  a  half  minutes,  and  died  in  two  hours. 

The  best  solvent  for  strychnia  in  complicated  organic  fluids 
is  chloroform  ;  the  liquid  having  been  previously  made  alkaline ; 
on  expelling  the  chloroform  by  gentle  evaporation,  the  alkaloid 
remains  behind,  and  may  then  be  dissolved  in  dilute  hydro- 
chloric acid,  and  subjected  to  the  above  tests. 

Animal  charcoal  possesses  the  property  of  removing  alkaloids 
from  solutions ;  it  should  never  therefore  be  used  as  a  decolorizing 
agent.  Hofmann  and  Graham  dissolved  half  a  grain  of  strychnia 
in  half  a  gallon  of  beer,  and  left  two  ounces  of  animal  charcoal 
in  contact  with  the  liquid  for  twenty-four  hours ;  the  charcoal 
was  then  separated  by  filtration  and  boiled  for. half  an  hour 
with  eight  ounces  of  alcohol,  ^sh  portions  being  added  from 
time  to  time  to  replace  the  loss  by  evaporation.  The  alcohol 
was  then  removed  by  distillation,  the  residue  mixed  with  caus- 
tic potassa,  agitated  with  ether,  and  the  eUiereal  solution  allowed 
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to  eyaporate  spontaneousljr  in  a  watch  glass.  On  the  addition 
of  a  arop  of  sulphuric  acid,  and  a  particle  of  bichromate  of 
potassa,  the  characteristic  violet  colour  was  produced. 

128.  Bbttcia,     (C4^H2aN5j08,8aq.) 

This  alkaloid  is  more  soluble  in  water  than  strychnia ;  it  is 
soluble  also  in  strong  alcohol,  by  which  it  may  be  separated 
from  strychnia;  it  crystallises  in  small  oblique  rhombic  prisms 
which  are  insoluble  in  ether ;  its  taste  is  intensely  bitter ;  it  is 
less  poisonous  than  strychnia ;  its  salts  are  more  soluble  in 
water  than  those  of  strychnia. 

Beacti<m9  with  reagents. 

Nitrie  acid  produces  a  hright  red  colour,  which  soon  becomes 
yeltowUh^redy  and  finally  yellow  ;  the  addition  of  protochloride 
of  tin  changes  the  colour  to  violet. 

Concentrated  eulphuric  add  produces  a  rose^red  colour,  which 
soon  yanishes. 

On  adding  etdphurio  acid  and  bichromate  of  potash  to  a  solu- 
tion containing  brucia,  the  blue,  violet,  and  purple  colours  ob* 
served  in  strychnia  are  not  produced. 

129.  ACOKITIKA. 

This  intensely  poisonous  alkaloid  generally  occurs  in  whitish 
granular  masses,  without  any  distinct  crystalline  structure ;  it 
is  sparingly  soluble  in  water,  more  soluble  in  ether,  and  readily 
dissolved  by  alcohol.  Its  solution  has  a  strong  alkaline  re* 
action,  and  it  forms,  with  acids,  salts  which  do  not  crystallize. 

There  are  no  reliable  chemical  tests  whereby  to  identify  this 
alkaloid,  but  Dr.  Headland  has  recommended  ('  Lancet,'  March 
29th,  1856)  as  a  physiological  test,  the  application  of  a  spiri- 
tuous extract  of  the  acid  contents  of  the  stomach.  If  -^  of 
a  grain  be  obtained  it  will  be  sufficient.  He  states  that  -^ 
of  a  grain  wDl  poison  a  mouse  with  characteristic  symptoms  ; 
y^  a  small  bird ;  Yinrs  ^^  ^  grain  causes  tingling  and  numb- 
ness of  the  tip  of  the  tongue ;  -j-hr  ^^  ^  grain  dissolved  in 
spirit,  and  rubbed  into  the  skin,  causes  loss  of  feeling  lasting 
for  some  time. 

130.  Ateopia.     (Cjj^HajjNO^.) 

It  occurs  in  white,  silky  needles,  or  as  a  vitreous  mass.  It 
is  sparingly  soluble  in  water,  more  so  in  ether,  and  dissolving 
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freely  in  alcohol  and  in  ehloToform.  Its  aaltd,  which  are  easily 
soluble  in  water,  are  very  unstable,  suffering  gradual  decern* 
position  by  exposure  to  the  air.  Like  oeoniHnay  its  reactions 
with  reagents  show  nothing  characteristic,  but  if  a  few  drops 
of  a  solution  of  one  part  of  sulphate  of  atropia  in  9600  parts 
of  water,  be  introduced  into  the  eye,  considerable  dilatation  of 
the  pupil  is  produced,  lasting  from  half  an  hour  to  an  hour. 

181.  Detection  of  the  Poisonous  Alkaloids  in  Organio  Mixtures, 

The  following  process,  recommended  by  Stas,  has  met  with 
the  approval  of  most  toxicologists.  It  is  founded  on  the  ob* 
servation,  that  the  alkaloids  form  acid  salts,  which  are  soluble 
in  water,  and  in  alcohol,  and  that  on  decomposing  a  solution  of 
this  kind  by  means  of  an  alkali,  and  agitating  it  with  a  suflScient 
quantity  of  ether,  the  liberated  base  dissolves  in  the  ether.  If 
the  contents  of  a  stomach,  food,  etc,  are  to  be  examined,  they 
are  mixed  with  double  their  weight  of  the  strongest  alcohol, 
from  10  to  30  grains  of  tartaric  or  oxalie  acid  are  added,  and 
the  mass  heated  in  a  retort  or  flask  to  about  170°  Fahr.  Or- 
gans, such  as  liver,  lungs,  etc.,  must  be  cut  into  small  shreds, 
moistened  with  alcohol  and  acid,  then  pressed,  and  this  opera- 
tion several  times  repeated.  When  cold,  the  liquid  is  strained 
through  €liering-paper,  and  the  residue  washed  with  strong 
alcohol.  The  filtrate  is  evaporated,  nearly  to  dryness,  at  a 
temperature  not  exceeding  100°  Fahr.,  in  a  current  of  air,  or 
still  better  in  vacuo  over  sulphuric  acid.  The  residue  is  ex- 
hausted with  cold  anhydrous  alcohol;  the  extract  is  evapo- 
rated ;  the  residue  is  dissolved  in  the  smallest  possible  quantity 
of  water,  and  the  solution  saturated  with  bicarbonate  of  soda. 
The  liquid  is  then  agitated  with  from  four  to  six  tiroes  its 
volume  of  pure,  rectified  ether ;  the  alkaloid  will  be  found  in 
the  ethereal  solution.  A  small  portion  is  tested  for  the  volatile 
alkaloids  (nicotine^  conia,)  by  allowing  it  to  evaporate  spon- 
taneously in  a  watch-glass. 

132.  (1)  A  Volatile  Alkaloid  is  indicated. 

In  this  case  the  whole  ethereal  solution  is  agitated  with  a 
strong  solution  of  caustic  potassa,  and  allowed  to  stand ;  the 
ether  which  has  collected  on  the  surface  is  then  poured  off,  aud 
agitated  with  pure  dilute  sulphuric  acid,  and  allowed  to  remain 
at  rest  for  some  time ;  the  volatile  alkaloids  are  hereby  con- 
verted into  sulphates  and  are  contained  in  the  aqueous  solution ; 
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this  is  now  to  be  agitated  with  caustic  soda  or  potassa  and  asain 
treated  with  ether.  The  ethereal  sohition  contains  the  alkaloid 
now  in  a  pure  state  as  regards  animal  matters,  but  containing 
perhaps  ammonia,  from  which  it  is  freed  by  spontaneous  eva- 
poration, or  in  vaeuo  over  sulphuric  acid  ;  the  ammonia  being 
expelled,  the  residue  is  in  a  state  to  be  chemically  examined. 

133.  (2)  A  Fixed  Alkaloid  is  indicated. 

'  The  solution,  after  saturation  with  bicarbonate  of  soda,  is 
completely  extracted  by  repeated  agitation  with  pure  rectified 
ether,  ana  the  ethereal  solution  exposed  to  spontaneous  evapo- 
ration. The  residue,  which  is  distinctly  alkaline  and  cootams 
much  animal  matter,  is  dissolved  in  a  small  quantity  of  dilute 
alcohol,  and  allowed  spontaneously  to  evaporate ;  the  residue  is 
treated  with  dilute  sulphuric  acid  and  allowed  to  stand ;  the 
clear  liquid  is  concentrated  in  vacuo  over  sulphuric  acid,  a  very 
concentrated  solutiou  of  carbonate  of  potassa  is  added,  and 
then  anhydrous  alcohol ;  the  alcoholic  solution  on  evaporation 
yields  the  alkaloid  in  crystals  the  nature  of  which  is  examined, 
.  By  this  process,  Stns  has  succeeded  in  isolating  from  mix- 
tures with  foreign  Bubstances.  morphia,  codeioy  strychnia,  hrucia^ 
veratria^  aconitina,  atropia,  and  several  other  alkidoids.  When 
the  presence  of  opium  has  to  be  established,  the  suspected 
matters  are  treated  with  dilute  alcohol  and  a  little  hydrochloric 
acid,  the  extract  is  concentrated  by  evaporation,  the  residue 
dissolved  in  water,  filtered,  and  the  filtrate  mixed  with  magnesia 
in  excess,  heated  to  ebullition  and  then  again  filtered.  The 
resulting  liquid  contains  meeonate  of  magnesia,  which,  when 
acidulated  with  hydrochloric  acid,  strikes  the  characteristic 
blood-red  colour  with  sesquichloride  of  iron ;  but  as  some  kinds 
of  opium  do  not  contain  meconic  aoid»  it  may  be  advisable  to 
treat  the  suspected  substance  for  morphia  in  tbe  manner  above 
described. 
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CHAPTEE  VI. 

ON  SYSTEMATIC  QTTALITATIVE  ANALYSIS. 

184.  Iir  the  Third  Chapter  the  chemical  comportment  of  a 
great  Bumber  of  substancea  with  reagents  has  been  described. 
Amongst  the  baseo  there  have  been  omitted  only  a  few  roe* 
tallic  oxides  of  rare  occurrence ;  and  amongst  the  acids,  nearly 
all  in  the  inorganic,  and  a  great  number  of  those  in  the  organic 
kingdom  that  are  of  anything  like  frequent  occurrence,  have 
been  included.  Now  when  the  student  has  made  himself  ex^ 
penmentalh/  acquainted  with  the  relations  of  these  substances 
to  reagents,  and  when  he  has  become  familiar  with  all  the 
leading  reactions  that  have  been  described,  he  is  in  a  position 
certainly  to  pronounce  a  correct  opinion  as  to  the  nature  of 
almost  any  arrangement  of  a  sinffle  base  with  a  nnple  acid  (or 
element  replacing  it),  that  may  be  presented  to  his  notice ;  but 
if  he  be  called  upon  to  decide  upon  the  nature  of  a  compound, 
consisting  perhaps  of  a  mixture  of  several  substances,  it  is  clear 
that  a  mere  knowledge  of  the  action  of  reagents  alonSf  will  not 
serve  him,  but  that  he  must  possess  the  knowledge  also  of  a 
method  of  separating  the  various  substances  from  each  other, 
and  of  determining  the  absence  or  presence  of  certain  bases 
and  acids :  in  short,  he  must  know  how  to  proceed  on  a  «y«- 
iematic  method  of  examination,  without  which  chemical  analy- 
sis would  be  little  better  than  mere  guess-work,  nnd  its  cor* 
redness  or  incorrectness  quite  a  matter  of  chance.  Even  in 
the  examination  of  a  compound  which  is  known  to  consist  of 
a  single  acid  and  a  single  base  only,  the  greatest  advantage 
is  derived  from  the  systematic  method,  a  great  saving  of  time 
and  labour  is  effected,  and  the  result  is  arrived  at  in  a  far  more 
satisfactory  manner  than  it  could  be  by  the  indiscriminate  ap- 
plication of  test  after  test,  following  no  rule  or  order,  but 
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merely  throwing  out  baits,  as  it  were,  with  the  hope  of  eventu- 
ally meeting  with  appearances,  and  of  observing  phenomena,  that 
maj  enable  us  to  recognize  the  presence  of  some  particular 
substance.  In  this  Chapter  our  object  will  be  to  point  out  the 
manner  in  which  this  systematic  method  of  qualitative  analysis 
is  to  be  conducted ;  and  our  attention  will  be  confined  to  those 
substances  and  combinations  only  which  are  of  general  occur- 
rence. l*he  subject  will  be  thus  rendered  far  more  inviting, 
and  less  embarra8««iug,  to  the  beginner ;  and,  after  the  student 
has  made  himself  thoroughly  acquainted  with  the  principles  on 
which  general  examinations  are  conducted,  and  has  acquired  a 
dexterity  in  conducting  the  manipulatory  processei^,  he  will 
afterwards  find  no  difficulty  in  encountering  the  analysis  of 
compounds  in  which  the  rarer  substances  occur,  to  the  exist- 
ence of  which  a  careful  preliminary  examination  will,  generally 
speaking,  arouse  hia  attention. 

Prsliminart  Examination. 

135.  Before  submitting  a  compound  to  analysis  in  the  wet 
way,  there  are  certain  diy  operations  to  be  performed  upon  it 
which  should  never  be  neglected,  as  they  frequently  furnish 
valuable  hints  for  the  subsequent  examination,  and  always  give 
some  insight  into  the  nature  of  the  substance ;  though  it  must 
particularly  be  borne  in  mind  that  the  absence  of  many  of  the 
reactions  about  to  be  described  does  not  necessarily  imply  the 
absence  of  particular  bodies,  since  when  several  substances  are 

S resent  together,  one  reaction  frequently  masks  or  altogether 
estroys  another.  Nevertheless,  although  the  wet  analysis  of 
a  compound  will  almost  invariably  be  necessary,  the  prelimi- 
nary diy  assay  is  not  without  its  value,  as  it  draws  special  at- 
tention to  the  presence  of  various  bodies,  when  the  operator  is 
performing  the  systematic  analysis. 

136.  In  the  first  place,  the  physical  characters  of  the  sub- 
stance are  noted,  such  as  its  form,  density ,  colour,  hardness,  etc. 
It  should  then  be  reduced  to  powder,  and  subjected  to  the 
action  of  heat,  both  alone,  and  also  together  with  certain  fluxes. 
The  experiments  are  conducted  in  the  following  manner : — 

I.  A  small  portion  of  the  substance  reduced  to  a  state  of 
fine  division,  is  introduced  into  a  tube  of  hard  glass  open  at 
both  ends,  and  about  one-third  of  an  inch  in  diameter,  and 
heated  in  the  flame  of  a  gas  or  spirit  lamp. 
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A.  It  does  not  change. 

No  arytmie  waiter  is  present ;  the  absence  of  h^rates ;  of 
aalts  containing  water  of  crystallization;  of  readily /trnft/e  sub- 
stanees,  and  of  volatile  sabstances,  is  also  indicated. 

B.  It  changeB  colour. 

(1)  It  is  yellow  while  hot,  but  becomes  white  on  cooling. 
Oande  of  zinc  is  probably  present. 

(2)  When  hot  it  assumes  a  yellowish-broum  colour,  and  on 
cooling  a  permanent  dirty  yellow,  Binoxide  of  tin  is  probably 
present. 

(8)  While  hot  the  colour  is  reddieh-hrown  ;  the  colour  becomesf 
yellow  on  cooling.     Oxide  of  lead  is  probably  present. 

(4)  When  hot  deep-yellow  ;  dulUyellow  on  cooling.  Oxide  of 
biitnuth  is  probably  present. 

C.  It  emits  gases  or  fames,  or  intomesces. 

(1)  A  splinter  of  wood,  red-hot  at  the  end,  burns  vividly 
when  introduced  into  the  upper  end  of  the  tube  (0).  Per- 
oxideSy  chhrcUesy  nitrates,  iodates,  and  bromates  either,  or  all, 
•may  be  expected  to  be  present. 

(2)  A  smell  like  that  of  a  burning  sulphur-match  is  recog- 
nized ;  the  evolved  vapour  bleaches  litmus-paper.  The  presence 
of  one  of  the  lower  oxides  o\  sulphur  is  indicated. 

(3)  Vapours  of  a  red  dish- brown  colour  are  emitted.  The 
presence  of  nitrates  (especially  those  of  the  heavy  metals)  is 
mdicated. 

(4)  A  gas  is  disengaged  which  extinguishes  the  flame  of  a 
burning  body,  and  which,  when  passed  into  lime  water  or  baryta 
water  cauaes  turbidity.     The  presence  of  carbonic  acid  is  in- 

.  dteated. 

(5)  A  gas  is  disengaged  which  burns  with  a  blue  flame  (C  O), 
the  substance  not  necessarily  changing  colour.  The  presence 
of  oxalic  acid  is  indicated ;  that  acid,  and  the  oxalates,  decompo- 
sing into  CO  and  CO^  by  heat. 

(6)  An  inflammable  gas,  burning  with  a  peach-coloured  flame, 
and  emitting  the  peculiar  smell  of  oil  of  bitter  almonds,  is 
evolved.     Some  cyanogen  compounds  are  present. 

(7)  A  gas  emitting  a  strong  odour  of  rotten  eggs  is  evolved ; 
a  piece  of  paper  moistened  with  a  solution  of  a  lead  salt  is 
blackened  when  introduced  into  the  gas.    Mydrosulphwrie  acid 
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(sulphuretted  hydrogen)^  arising  probablj  from  moist  sulphides^ 
is  indicated. 

(8)  A  pangent  gas  is  evolved  which  restores  the  blue  colour 
of  reddened  litmus-paper,  and  causes  dense  fumes  when  a  glass 
rod  moistened  with  strong  acetic  acid  is  brought  into  contact 
with  it.  Ammonia  is  indicated,  which  may  arise  from  the  de- 
composition of  ammoniacal  salts,  from  the  decomposition  of 
nitrogenous  organic  matters,  or  possibly  from  the  decomposition 
of  some  cyanogen  compounds. 

(9)  A  vapour  rises  from  the  heated  substance  which  con* 
denses  in  the  cooler  parts  of  the  tube, 

a.  The  condensed  liquid  does  not  affect  the  colour  of 
litmus-paper :  it  is  pure  water.  Some  salt  or  salts 
contaming  water  of  crystallisation,  (alumSy  borates^ 
alkaline  phosphates,  etc.,)  are  present. 

p.  The  condensed  liquid  has  an  alkaline  reaction.  Am^ 
monium  compounds  are  indicated. 

y.  The  condensed  liquid  has  an  acid  reaction.  Some 
volatile  acid  is  indicated  {sulphuric^  sulphurous^ 
hydrofluoric^  hydrochloriCy  hydrohromie^  hydriodie^ 
nitriCf  etc.). 

(10)  The  substance  sublimes  with^  or  without  odour^  and  is 
deposited  on  the  cold  sides  of  the  tube.  Various  volatile  salts 
may  be  present,  also  arsenious  acid^  benzoic  acid^  etc.;  also 
sulphur  (condensing  in  brown  oily  drops.) 

II.  A  small  portion  of  the  substance  is  heated  in  a  dosed 
tube  with  carbonate  of  soda. 

A.  It  doea  not  blacken. 

(1)  A  metallic  mirror  is  formed  on  the  cooler  part  of  the 
tube,  which  cannot  be  resolved  into  metallic  globules  by  rubbing 

•  it  with  a  glass  rod,  and  which,  on  further  heating,  is  volatilized, 
and  again  sublimed  in  the  form  of  octahedral  crystals.  Arse- 
nical compounds  are  indicated. 

(2)  A  metallic  mirror  is  formed,  resolvable  into  metallic 
globules  by  rubbing  with  a  glass  rod.  Mercurial  compounds  are 
indicated. 

(8)  No  metallic  sublimate,  but  an  aromatic  odour  of  frank- 
incense emitted.    A  salt  of  benzoic  acid  probably  present. 

(4)  No  metallic  sublimate,  but  poweriully  irritating  fumes. 
Succinic  acid  is  probably  present. 
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B.  It  blaokens, 

(1)  A  peculiar  odour  (acetone)  is  evolved.      Presence  of 
aeetatea, 

(2)  A  colourless  residue,  soluble  with  effervescence  in  hy- 
drochloric  acid.  One  or  more  of  the  organie  acids  in  combination 
with  alkalies  or  alkaline  earths  may  be  present. 

111.  A  small  portion  of  the  substance  is  heated  on  charcoal 
in  the  inner  blowpipe  flame. 

(1)  The  substance  colours  the  outer  flame — 

a.  Golden  yellow^  indicating  sodium, 
p.  Violet,  indicating  potassium, 
y,  Yelhunsh-grem,  indicating  barium, 
S.  Crimson,  indicating  strontium, 
c.  Beddish-yellow,  indicatiog  calcium. 
{.  Oreen,  indicating  copper,  phosphoric  acid,  horacic  acid, 
rf.  Blue,  indicating  antimony^  lead,  arsenious  acid,  chloride 
of  copper. 

(2)  The  substance  deflayrates,  indicating  nitrates,  or  chlorates^ 
The  substance  decrepitates,  indicating  chloride  of  sodium. 
The  substance  intumesces,  indicating  alums,  borates, 

(3)  The  substance  fuses  readily  and  is  absorbed  by  the  char- 
coal, indicating  alkaline  salts, 

(4)  The  substance  does  not  fuse,  but  leaves  a  white  residue. 
Salts  of  barium^  strontium,  calcium,  maanesium,  aluminum,  zinc, 
and  silicic  acid  mav  be  present;  if  it  oecome  hii^hly  luminous 
on  ignition,  oxides  of  strontium,  calcium,  magnesium,  and  zinc 
roust  be  looked  for.  If  on  moistening  the  cold  residue  with 
nitrate  of  cobalt  and  again  strongly  igniting,  it  assume  a  fine 
blue  colour,  alumina,  or  earthy  phosphates,  are  present ;  if  it 
become  pale-red,  magnesia ;  if  green,  oxide  of  zinc, 

(5)  Tne  substance  does  not  fuse,  but  leaves  a  coloured  residue. 
Heat  a  small  fragment  on  a  clear  borax  bead  on  platinum  wire, 
in  the  outer  flame  of  the  blowpipe. 

a.  The  bead  is  bltie  when  hot,  and  blue  when  cold. 

Characteristic  of  oxide  of  cobalt, 
p.  The  bead  is  green  when  hot,  and  blue  when  cold. 

Characteristic  of  oxide  of  copper, 
y.  The  bead  is  greeti  when  hot,  and  green  when  cold. 

Characteristic  of  sesquioxide  of  chromium. 
fi.  The  bead  is  brou>nish-red  when  hot,  and  orange  when 

cold.    ChhTocievvBXxc  of  sesquioxide  qf  iron. 
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c.  The  bead  is  reddish-hrown,  becoming  lighter  on  cool- 
ing.   Characteristic  of  oxide  of  nickel. 

C  The  bead  is  yeliotmsk-brown  while  hot,  the  colour  be- 
coming very  faint  on  cooling.  Characteristic  of 
os^ide  of  hismuth, 

rj.  The  bead  is  amethytt  colour  while  hot,  becoming 
lighter  or  altogether  vanishing  on  cooling.  Cha- 
racteristic of  aaide  ofmangamew, 

lY.  A  little  of  the  substance  is  mixed  with  carbonate  of 
soda,  or  with  a  mixture  of  carbonate  of  soda  and  cjanide  of 
potassium,  and  heated  in  the  inner  blowpipe  flame. 

(1)  The  substance  is  reduced  to  the  metallic  state  toithout  tn- 
cruatation. 

a.  The  metal  appears  in  white  shining  scales.     Silver ; 

tin. 
p.  The  reduced  metal  is  red.     Copper, 
y.  The  reduced  metal  is  yellow.     Gold. 

(2)  The  substance  is  reduced  to  the  metallic  state  with  incrus 
iation. 

a.  The  reduced  metal  is  brittle,  the  incrustation  is  white. 

Antimony, 
p.  The    reduced  metal   is  brittle,  the  incrustation  is 

brown-yellow.     Bismuth. 
y.  The  reduced  metal  is  not  brittle,  the  incrustation  is 

yellow.     Lead. 

(3)  The  substance  is  not  reduced  to  the  metallic  state^  hut  it 
Jwmishes  an  incrustation. 

a.  The  incrustation  is  white.     Oxide  of  zinc. 

fi.  The  incrustation    is    hrownishred.    Osidc  of  emd- 

mium. 
y.  The  incrustation  is  white,  and  garlic-smelling  fumes 

are  emitted.     Compounds  of  arsenic. 

(4)  An  alkaline  sulphide  is  left  which  stains  metallic  silver 
black.     Compounds  of  sulphur. 

137.  If  the  substance  to  be  analysed  be  a  liquid,  the  first 
step  is  to  evaporate  a  portion  of  it  to  dryness  on  plati- 
num  foil,  in  order  to  see  whether  it  really  contain  anything 
in  solution,  and  then  to  ascertain,  by  means  of  test-papers, 
whether  it  has  an  acid,  or  alkaline,  or  neutral  reaction ;  ir  the 
first,  it  does  not  necessarily  follow  that  the  solution  con- 
tains free  acid,  for  it  must  be  borne  in  mind  that  saline 


BT8TBMATIC  QUALITATIYE  ANALYSIS.  198 

solutions  of  many  of  the  heayy  metallic  oxides  redden  litmns- 
paper.  It  is  not  difficult,  however,  to  decide  whether  the 
acid  reaction  is  occasioned  by  a  metallic  salt  or  by  a  free  acid ; 
the  addition  of  a  drop  or  two  of  solution  of  carbonate  of  po- 
tassa  or  soda  generally,  in  the  fi  ret  case,  renders  the  liquid  turbid, 
while,  in  the  latter  case,  it  remains  clear.  If  the  solution  be 
alkaline,  it  can  contain  no  metallic  oxides  that  are  insoluble  in 
alkaline  liquids ;  and  if  it  be  perfectly  neutral,  it  probably  con- 
sists only  of  salts  of  the  alkalies,  or  alkaline  earths. 

138.  These  preliminary  experiments  having  been  made,  and 
some  insight  into  the  general  nature  of  the  substance  under 
examination  having  thereby  been  obtained,  its  relation  to  soU 
venU  is  next  to  be  examined.  It  is  reduced  to  a  fine  st-ate  of 
division  by  trituration  in  an  agate  mortar,  and  a  portion  di- 
gested for  some  time  in  a  test-tube  with  distilled  water ;  if  it 
be  entirely  dissolved,  the  qualitative  analysis  of  the  aqueous 
solution  may  at  ontfe  be  proceeded  with,  taking  about  twenty- 
five  or  thirty  grains  of  the  substance.  If  a  complete  solution 
do  not  take  nlace,  a  drop  or  two  of  the  clear  liquid  is  to  be  eva- 
porated to  aryness  on  platinum  foil,  in  order  to  see  whether 
water  has  dissolved  anything.  l\  the  evaporated  liquid  leave  a  re- 
sidue, then  the  substance  must  a  second,  and  a  third  time,  be  di- 
gested with  fresh  portions  of  distilled  water,  filtered,  and  the 
filtrate  set  aside  for  subsequent  examination.  The  undissolved 
residue  is  next  gradually  heated  to  boiling,  with  dilute  hydro- 
chloric acid,  and  if  complete  solution  be  not  efiected,  the  fluid  is 
decanted,  and  the  residue  digested  with  concentrated  hydro- 
chloric acid,  particular  attention  being  paid  to  the  nature  of  the 
gases  evolved.  If  an  effervcHcence  take  place,  carbonic  add,  euU 
phuretted  hydrogen,  and  hydrogen  gases  may  be  looked  for ;  the 
first  betrays  the  presence  of  carbonates,  the  second  that  of  suU 
phides,  the  third  that  of  certain  metals;  the  evolution  of  ehUh 
rine  inAxcsX^  peroxides  or  chromates,  and  hydrocyanic  add  points 
out  the  existence  of  certain  cyanides.  If  complete  solution  of 
the  substance  be  not  efiected  by  concentrated  hydrochloric 
acid,  a  fresh  portion  is  to  be  digested  with  nitric  acid;  a 
few  of  the  metals  only,  escape  solution  by  this  acid  (gold,  pla^ 
tmum,  palladium,  etc.) ;  tin  and  antimony  are  oxidized  by  it, 
but  the  oxides  are  not  dissolved ;  it  moreover  decomposes  all 
sulphides,  with  the  single  exception  of  sulphide  of  mercury, 
setting  free  sulphur,  which  is  easily  recognized  by  its  colour 
and  lightness,  and  its  being  completely  evaporated  when  heated 
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•on  a  atrip  of  platinum  foil.  If  nitric  acid  fnil  to  dianolTe  the 
substance  completely,  aqua-re^  may  be  tried,  and  if  this  leare 
jBk  residue,  recourse  must  be  had  to  fusion  with  an  alkali  or  an 
alkaline  carbonate,  the  following  preliminary  experiments  being 
first  performed  upon  it. 

(1)  A  small  portion  is  heated  on  a  slip  of  platinum  foil ;  the 
odour  of  sulphurous  acid  is  conclusive  as  to  the  presence  of  sul- 
phur^ and,  if  no  other  substance  be  present,  the  whole  will  be 
dissipated  by  a  very  moderate  heat ;  in  this  case,  a  prolonged 
digestion  of  the  residue  in  aqua^regia  will,  generally  speaking, 
give  a  clear  solution,  the  whole  of  the  sulphur  becommg  oxi- 
dized into  sulphuric  acid. 

(2)  A  small  quantity  is  moistened  with  stdphide  of  ammo- 
nium  ;  if  it  immediately  become  black,  an  insoluble  silver,  mer^ 
ciuy,  or  lead  salt  is  present. 

(8)  A  small  portion  is  mixed  with  carbonate  of  soda,  and 
heated  in  the  inner  blowpipe  flame ;  a  metallic  reduction,  ac- 
companied by  a  yeUow  incrustation,  indicates  lead, 

(4)  A  small  quantity  is  digested  with  carbonate  of  potassa  or 
soda ;  if  it  become  black,  subehloride  of  mercury  is  present,  which 
is  further  confirmed  by  mixing  a  portion  of  the  residue  with 
slightly  moistened  carbionate  of  soda,  and  heating  it  in  a  glass 
tube  ;  small  globules  of  mercury  are  easily  recognized  with  the 
aid  of  a  lens. 

^5)  Another  small  quantity  may  be  digested  with  ammonia, 
and  the  clear  ammoniacal  liquid  supersaturated  with  nitric  acid ; 
the  formation  of  a  white  precipitate,  insoluble  in  the  nitric  acid, 
indicates  eiiver. 

Besides  insoluble  compounds  of  silver^  lead,  and  merettry,  the 
residue  insoluble  in  aqua-regia,  may  contain  sulphates  of  the 
alkaline  earths,  silicates,  fluorides,  certain  phosphates  and  orse^ 
niaies,  and  the  insoluble  modifications  of  oxides  of  tin,  anHmony, 
and  chromium,  Sesquioxide  of  iron  also  is  dissolved  only  with 
great  difficulty,  after  having  been  strongly  ignited.  AH  these 
compounds  mav,  however,  be  brought  into  a  soluble  state  by 
fusion  with  carbonate  of  soda,  or  better  with  a  mixture  of  car- 
bonate of  soda  and  carbonate  of  potassa,  or  of  carbonate  of 
soda  and  cyanide  of  potassium,  their  constituents  beinff  thereby 
transposed  in  such  a  manner  as  to  admit  of  their  easy  detection 
by  a  proper  subsequent  treatment.  For  example,  if  the  ori- 
ginal substance  undissolved  by  nitric  acid,  or  by  aqua-regia,  con- 
tain sulphates  of  the  alkaline  earths,  the  result  of  a  fusion  with 
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carbouafce  of  soda  is  to  bring  them  to  the  state  of  carbonates, 
which,  though  insoluble  in  water,  are  readily  dissolved  by  dilute 
hydrochloric  acid,  and  the  bases  are  then  easily  detected  in  the 
hydrochloric  solution :  the  sulphuric  acid  with  which  these  bases 
were  previously  combined,  is  found  in  the  aqueouB  solution  of 
the  fused  mass,  in  the  form  of  sulphate  of  soda.  Again,  if  the 
insoluble  residue  contain  chloride,  iodide,  or  bromide  of  silver  or 
lead,  the  result  of  the  fusion  with  au  alkaline  carbonate,  which 
in  this  case  must  be  performed  in  a  porcelain,  and  not  in  a  pla- 
tinum crucible,  is  to  transfer  the  chlorine,  bromine,  or  iodine  to 
the  metal  of  the  alkaline  base,  forming  compounds  easily  solu- 
ble in  water,  and  therefore  easy  of  detectv>n  in  the  aqueous  so- 
lation  of  the  fused  mass ;  while  the  meUd  or  metals  with  which 
the  chlorine,  iodine,  or  bromine  was  originally  combined,  being 
of  course  insoluble  in  water,  may  be  dissolved  in  nitric  acid, 
and  detected  by  the  appropriate  tests.  If  baryta,  strontia, 
and  Ume  be  present,  besiaes  the  oxides  of  silver  and  lead,  the 
two  latter  metals  are  precipitated  from  the  nitric  solution  by 
sulphuretted  hydrogen :  the  liquor  filtered  from  the  precipitate, 
is  neariy  neutralized  with  carbonate  of  soda,  and  mixed  with 
hvdrofluosilicic  acid,  by  which  the  baryta,  after  a  time,  is  preci- 
pitated.  To  the  liquor  filtered  from  this  precipitate,  solution  of 
sulphate  of  potassa  is  added,  which  precipitates  the  strontia  in 
company,  perhaps,  with  a  little  of  the  lime,  and  on  filtering  off 
the  precipitated  sulphate  of  strontia,  adding:  to  the  filtrate  am- 
monia, and  then  oxalate  of  ammonia,  a  white  precipitate,  indi- 
cating the  presence  of  lime,  is  determined.  Silicic  acid,  if  pre- 
sent, passes  into  the  stifte  of  silicate  of  soda,  and  is  discovered 
by  adding  excess  of  hydrochloric  acid  to  the  aqueous  solution 
of  the  iiised  mass,  evaporating  to  perfect  dryness,  and  treating 
the  residue  with  water ;  by  tiiis  treatment  the  silicic  acid  is 
brought  to  its  insoluble  condition,  and  remains  undissolved. 

189.  It  thus  appears  that  when  we  have  before  us  a  complex 
snbstance,  which  is  partly  soluble  in  water,  and  not  wholly  dis- 
solved by  either  hydrochloric  acid,  nitric  acid,  or  aqua-regia, 
three  distinct  analytical  operations  may  be  performed  on  it,  viz. : 
—1.  An  analysis  of  the  aqueous  solution.  2.  An  analysis  of 
the  acid  solution.  3.  An  analysis  of  the  insoluble  residue. 
If  the  operator  be  desirous  of  obtaining  a  precise  knowledge 
of  the  mode  of  arrangement  of  the  different  acids  and  bases  in 
such  a  complex  mixture,  he  must  make  these  three  distinct 
analyses ;  but,  if  his  object  be  only  to  ascertain  what  acids  and 
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bases  are  present,  he  may  generally  omifc  a  distinct  analysis  of 
the  aqueous  solution,  and  after  a  careful  preliminary  examina- 
tion, he  may  confine  his  attention  to  the  acid  solution  (the  sub- 
stance not  having  been  previously  exhausted  by  water),  and  to 
the  mass  obtain^  by  fusion  of  the  residue  with  an  alkali. 

I. — Examination  for  Bases :  principles  upon  whioh  the 

method  depends. 

140.  In  the  Third  Chapter,  it  was  shown  that  by  means  of 
certain  general  reagents,  metals  may  be  arranged  into  araupi  ; 
some  of  which,  by  other  reagents,  may  again  be  subdivided  into 
minor  groups,  each  of  the  individuals  composing  which  may  be 
recognized  oy  their  comportment  with  certain  other  reagents, 
which  may  be  called  special, 

141.  The  general  reagents  are  hydroehlorie  acid,  hydrosttl' 
phuric  acid  (sulphuretted  hydrogen),  sulphide  of  ammonium, 
ammonia,  and  the  carbonates  of  soda,  ammonia,  and  potassa  ;  they 
are  of  the  greatest  use  to  the  analytical  chemist  in  conducting  a 
systematic  qualitative  analysis.  Thus,  if  on  the  addition  of 
hydrochloric  acid  to  a  solution,  no  precipitate  or  turbidity 
should  occur,  the  operator  is  assured  that  no  salt  of  silver  or 
of  suboxide  of  mercury  is  present ;  neither  can  the  liquid  con- 
tain any  considerable  quantity  of  a  salt  of  lead;  again,  if  on 
the  addition  of  sulphuretted  hydrogen  water  in  excess,  no 
alteration  should  be  perceptible,  no  member  of  the  fifth  group 
can  be  present ;  and  if,  after  having  neutralized  the  liquid  with 
ammonia,  no  precipitate,  or  decided  change  of  colour  should 
occur,  on  the  addition  of  sulphide  of  Ammonium,  even  on  the 
application  of  heat,  absence  of  all  members  of  the  fourth  group 
IS  indicated,  and  the  solution  can  contain  no  bases  but  some 
one  or  more  of  the  first  or  second  croups ;  and  lastly,  the  addi- 
tion of  an  alkaline  carbonate  will  show  at  once,  whether  any  of 
the  alkaline  earths  are  present.  If  this  reagent  should  give  no 
precipitate,  then  the  solution  in  question  can  contain  no  metallic 
oxides  but  magnesia,  and  those  contained  in  the  first  group; 
and  if  phosphate  of  soda  should  occasion  no  precipitate  or  turbi- 
dity, even  after  agitation  and  standing,  it  must  be  a  solution  of 
some  salt,  or  salts,  of  one  or  more  of  the  alkalies  proper. 

142.  Let  us  assume,  however,  that  the  reagents  have  given 
indications  of  the  presence  of  some  one  or  more  of  the  mem- 
bers of  all  the  groups ;  the  solution  must  then  be  submitted  to 
a  careful  analysis,  in  accordance  with  the  following  scheme. 
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A.  Hydroehlorie  acid  has  produced  a  precipitate,  which  does  not 
disappear  when  the  acid  is  added  in  excess^and  the  solutionwarmed. 

The  precipitate  must  be  chloride  it/^silysb,  chloride  ^/'leab, 
suhchloride  of  msboubt,  either  or  all,  possibly  also  benzoic  add 
and  uric  acid;  and  if  the  acid  has  not  been  added  in  sufficient 
quantity  and  the  solution  warmed,  oxyehhrides  of  bismuth, 
AiTTiMONT,  and  TIN ;  but  as  the  absence  of  all  these  bodies  is 
secured  bj  heating  the  well-acidified  solution,  regard  need  only 
be  had  to  silyeb,  mebcuby,  and  lead. 

Analysis  of  the  Fraoipitate  by  Hydroohlorio  Acid. 

It  is  thrown  on  a  filter  and  washed  thoroughly  with  boiling 
water. 

(1)  The  washings  may  contain  chloride  o/TjExd,  which,  if  pre- 
sent in  quantity,  crystallizes  out  as  the  solution  cools  in  white 
needles. 

Confirmation. — Sulphuric  acid  produces  a  white  precipi- 
tate ;  bichromate  of  potassa  produces  a  yellow  precipitate. 
Lead  is  present. 

(2)  The  insoluble  portion  on  the  filter  may  be  chloride  of 
SILYEB  and  stcbchloride  o/^hebcttby  ;  wash  the  precipitate  from 
the  filter  with  ammonia,  add  that  reagent  in  excess,  and  allow 
the  insoluble  portion  (if  anj)  to  subside.  The  solution  may 
eontain  chloride  of  silyeb. 

Confirmation, — Dilute  nitric  acid  added  in  excess  pro- 
duces a  white  curdy  precipitate. 
Silyeb  is  present. 

The  insoluble  block  residue  is  suhchloride  of  mercury. 
Confirmation. — L>ry  at  a  gentle  heat ;  mix  with  <^^  car^ 

bonate  of  soda,  and  heat  the  mixture  in  a  bulb  tube  of 

hard  glass ;  metallic  globules  are  deposited  in  the  upper 

part  of  the  tube. 
Mebcuby  is  present. 

B.  JSydrosulphuric  acid  water  (sulphuretted  hydrogen)  pro^ 
duces  with  the  filtrate  from  the  precipitate  by  hydrochloric  acid 
(A)  a  coloured  precipitate  ;  thoroughly  saturate  the  solution  with 
hydrosulphuric  acid  gas. 

The  precipitate  may  eontain  sulphides  of  mebcuby,  lead, 

BISMUTH,  COPPEB,  CADMIUM,   TIK,  ABSEKTC,   AKTIMOXY  ((JOLD 

and  platinum);  the  last  two  metals  are  to  be  tested  for  spe^ 
dally,  in  a  portion  of  the  original  solution. 

Throw  on  a  filter;  wash  the  precipitate  until  it  is  quite 
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free  from  hydrocbloric  acid ;  transfer  the  precipitate  to  a  flask, 
boil  it  for  some  time  with  solution  of  causHe  pottuga^  and  filter. 

(1)  Analysis  of  the  portion  of  the  precipitate  by  Hydrosulphtirio 

Aoid  soluble  in  Caustic  Potash. 

It  may  contain  ANTiMoyr,  absenig,  and  tiw. 

Add  hydrochloric  acid  in  excess,  and  thoroughly  saturate  with 
hjdroaulphuric  acid.  The  above  metals  are  re-precipitated  as 
sulphides.  Filter  and  wash.  Dissolve  in  as  little  aqua-regia  as 
possible,  and  introduce  the  solution  into  a  gas-evolution  bottle, 
together  with  a  slip  of  zinc,  and  some  dilute  sulphuric  acid, 
(both  free  from  arsenic)  gas  is  evolved,  which  is  washed  by  pass- 
ing through  a  second  bottle  containing  a  dilute  solution  of 
acetate  of  lead,  and  is  conducted  into  a  precipitate  glass  con- 
taining a  solution  of  nitrate  of  silver.  If  a  precipitate  occur, 
allow  the  gas  to  pass  until  no  further  effect  is  produced. 

This  precipitate  may  contain  antimokt  :  collect  it  on  a  filter, 
wash  thoroughly,  and  then  boil  it  with  tartaric  acid ;  filter,  aci- 
dify the  filtrate  with  hydrochloric  acid,  and  saturate  with  hy- 
drosulphuric  acid. 

An  orange'Coloured  precipitate  is  produced. 
AwTiMONT  is  present. 

The  filtrate  from  the  precipitate  formed  in  the  nitrate  of 
silver  may  contain  arsenic.  Add  a  few  drops  of  acetate  of 
potassa. 

A  Ught-yellow  precipitate  is  formed  (araenite  of  silver). 
Arsekic  is  present. 

If  any  tin  be  present  it  will  haye  been  precipitated  on  the 
slip  of  zinc  in  the  gas-evolution  bottle,  in  the  form  of  a  black 

Sowder,  which  is  easily  removed  from  the  zinc.    It  should  be 
issolved  in  a  small  quantity  of  strong  hydrochloric  acid,  diluted 
with  water  and  mixed  with  a  little  solution  of  chloride  ofmerev/ry, 
A  grey  precipitate  is  formed  (metallic  mercury). 
Tin  is  present. 

(2)  Analysis  of  the  portion  of  the  precipitate  by  Hydrosnlphnrio 

Acid  insoluble  in  Caustio  Potash. 

It  may  contain  hebcurt,  lead,  bismuth,  copper,  and  cab* 

HIUM. 

Thoroughly  wash ;  then  boil  with  strone  nitric  acid  as  long 
as  red  fumes  are  evolved ;  add  dilute  sulphuric  acid  as  long 
as  n  precipitate  continues  to  form.  If  this  precipitate  be  white, 
it  contains  probably  sulphate  of  lead;  if  black,  it  contains  std- 
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phide  of  mereurn  ;  if  pale-yellow  and  flooculent,  it  is  probably 
oalj  »ulpkur»  Pilter,  wash,  and  digest  with  acetate  of  ammonut^ 
and  filter ;  add  to  the  filtrate  acetie  acid  in  excess,  and  then 
solution  of  chromate  of  potash. 
A  yellow  precipitate  is  formed. 
Lead  is  present. 

The  residue  insoluble  in  acetate  of  ammoiria  (if  black)  is 
sulphide  qfUEncuuY. 

Oonfirmation, — ^Dry  at  a  temperature  not  abore  that  of 
boiling  water,  mix  with  dry  carbonate  of  soda,  and  heat  in 
bulb  tube  of  hard  glass.     Metallie  ylobulea  are  deposited 
in  the  upper  part  of  the  tube. 
Mebcubt  is  present. 

The  portion  soluble  in  nitric  acid  may  contain  coffeb, 
CADiciTJM,  and  bibhuth. 

Digest  with  excess  of  ammoniay  and  filter. 

The  solution  may  contain  cadmixtm  and  coffeb;  add  Aj^* 
drochlorie  acid  in  excess,  and  then  saturate  with  hydrosulphuric 
acid.  Filter ;  wash  with  hydrosulphuric  acid  water ;  boil  with 
dilute  sulphuric  acid^  and  filter  rapidly. 

The  filtrate  may  contain  cadmium.  Thoroughly  saturate 
with  hydroeulphurie  acid, 

A.  yellow  precipitate  is  formed. 
Cadmium  is  present. 

The  residue  on  the  filter  (if  any]  is  sulphide  ^coffeb.     Dis- 
*  solve  in  nitric  acid  and  add  excess  of  ammonia :  a  blue  solution 
is  formed. 

Confirmation, — Add  acetic  acidy  and  then  ferrocyanide 
of  potassium :  a  chocolatC'Coloiaed  precipitate  is  produced. 
Gopfbb  i»  present. 

If  ammonia  has  failed  to  redissolve  the  whole  of  the  portion 
insoluble  in  caustic  potash,  but  soluble  in  nitric  acid,  the  in- 
soluble portion  is  probably  bismuth. 

Confirmation. — Eedissolve  in  dilute  nitric  acid,  add  a 
few  drops  of  hydrochloric  %pid,  evaporate  nearly  to  dryness, 
and  then  add  a  large  quantity  of  water :  the  liquid  becomes 
mtl&y. 
Bismuth  is  present. 

C.  Analysis  of  the  filtrate  from  the  precipitate  occasioned  by 
hydrosulphuric  acid. 
It  may  contain  all  the  metals  of  the^r«^,  second^  thirds  and 
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fimrth  groupM,  likewise  photphoric  aeid  in  combination  with 
setquiamidef  of  iron,  ehramiumf  and  oltMnnum,  and  with  baryta^ 
Mtrontia,  lime,  and  ftiagnena. 

Evaporate  till  the  smell  of  sulphuretted  hydrogen  has  dis- 
appeared ;  add  a  few  drops  of  concentrated  nitric  aeid,  and 
continue  the  evaporation  to  perfect  dryness.  Should  organic 
matter,  or  any  of  the  organic  acids  have  been  indicated  in  the 
preliminary  examination,  the  dry  residue  must  be  heated  to 
redness  to  destroy  them,  since  their  presence  in  the  solution  to 
be  analysed  would  prevent  the  precipitation  of  iron  and  alu- 
mina, but  in  the  absence  of  organic  matter,  ignition  of  the 
residue  may  be  dispensed  with  ;  in  any  case,  it  should  not  be 
heated  too  strongly,  as  certain  oxides  {sesquioxide  of  iron  and 
Besquioxide  of  chromium)  are  dissolved  with  difficulty  after 
having  been  ignited.  Warm  the  dry,  or  the  ignited  residue 
with  concentrated  hydrochloric  acid,  then  add  water,  and  heat 
until  it  is  entirely  redissolved,  or  at  any  rate  until  no  further 
action  takes  place.  Should  a  white  residue  be  left,  it  is  pro- 
bably dlicic  acid,  possibly  sulphates  of  baryta  and  strontia; 
should  the  residue  be  coloured,  it  probably  contains  sesqtUoxide 
of  iron  or  sesquioxide  of  chromium,  A  little  experience  will 
enable  the  operator  to  decide  whether  the  insoluble  residue  re- 
quires further  examination  ;  should  he  deem  such  to  be  neces- 
sary, he  must  proceed  with  it  according  to  the  instructions 
given  under  E.  Filter  from  the  insoluble  residue  (if  any), 
add  abundance  of  chloride  of  ammonium^  then  ammonia  in  ex- 
cess, warm  gently,  and  filter  rapidly, 

L  Analysis  of  the  portion  predpitatad  by  Ammonia. 

It  may  contain  sesquioxides  of  ibon,  chbohium,  and  alumi- 
iri7^,  also  the  phosphates  of  those  sesquioxides :  it  may  ako  con- 
tain the  phosphates  of  babtta,  stbomtia,  limb,  and  maqkesia. 
The  further  treatment  of  the  precipitate  depends  upon  the  pre- 
sence or  absence  of  phosphoric  acta.  Dissolve  a  small  portion 
in  hydrochloric  acid,  and  test  with  molybdate  of  ammonia, 

o.  Phosphoric  Aoid  is  present. 

Boil  the  rest  of  the  precipitate  with  oxalic  acid;  when  cold, 
add  acetate  of  potash,  shake  well,  allow  to  stand  for  some  time, 
and  then  filter. 

The  insoluble  portion  may  contain  babyta,  stboktia,  and 
LIME,  now  in  combination  with  oxalic  acid.  It  is  collected 
upon  a  filter,  well  washed,  and  then  dried  and  ignited,  by 
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which  the  oxalates  are  converted  into  carbonates :  the  carbo- 
nates are  dissolyed  in  hydrochloric  acid,  and  the  solution  is 
mixed  with  that  to  be  examined  under  D. 

The  soluble  portion  may  contain  the  setquioxides  of  iBOif, 
ALiJMnnrM,  and  chromium  ;  magnesia  and  phosphoric  acid. 

Boil  for  a  few  minutes  with  caustic  potash^  and  filter.  All 
the  phosphoric  acid  passes  into  the  alkaline  solution  in  combi- 
nation with  potassa  and  (perhaps)  alumina^  but  as  this  acid  is 
known  to  be  present,  alumina  is  the  only  substance  the  pre- 
sence of  which  requires  confirmation.  Dissolve  in  hydrochlo- 
ric acid,  then  add  slight  excess  of  ammonia. 

A  colourless  gelatinous  precipitate  is  produced. 
Aluminum  is  present. 

The  portion  insoluble  in  caustic  potash  may  contain  the  ses- 

quiaxides  of  iron  and  chromium,  and  magnesia  :  wash  and  boil 

with  chloride  of  ammonium.  The  solution  may  contain  maynesia. 

Confirmation. — ^Add  ammonia  and  phosphate  of  soda^  a 

white  crystalline  precipitate  is  formed. 

Magnesium  is  present. 

The  portion  insoluble  in  chloride  of  ammonium  may  contain 
sesquioxide  of  iron,  and  sesquioside  of  chromium.  Fuse  a 
portion  of  the  dried  residue  with  carbonate  of  soda  and  nitre  on 

?latinum  foil.     Dissolve  the  fused  mass  in  hot  water  and  filter, 
he  solution  is  yellow. 

Confirmation  for  Chromium. — Acidulate  with  acetic  acid, 
and  add  solution  of  acetate  of  lead :  a  yellow  precipitate  is 
produced. 

Chromium  is  present. 

If  anything  be  left  insoluble  in  water,  on  the  platinum  foil,  it 
is  probably  sesquioxide  of  iron. 

Confirmation. — Dissolve  in  hydrochloric  acid,  add  acetate 
of  potash,  and  a  few  drops  of  ferrocyanide  of  potassium :  a 
hlue  precipitate  is  formed. 
Iron  is  present. 

i9.  FhoQihorio  Aoid  is  not  present. 

Boil  the  remainder  of  the  precipitate  with  caustic  potMh,  and 
filter  while  hot.    The  alkaline  solution  may  contain  alumina. 
Confirmation. — Add  slight  excess  of  hydrochloric  acid, 
then  ammonia,  and  heat :  a  white  gelatinous  precipitate  is 
produced. 
Aluminum  is  present. 
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The  portion  inBoluble  in  canstic  potash  may  contain  seiqni- 
<mde  of  IBON  and  sesqwioxide  of  cubomiitm.  Examine  for 
these  oxides  as  under  (a). 

n.  Analyaifl  of  the  portion  not  precipitated  by  Ammonia. 
It  may  eontain  kickel,  cobalt,  ziyo,  and  maitoanese  ;  also 
all  the  metals  of  the/r«^  and  second  groups.     Add  excess  of 
sulphide  of  ammoniutn,  boil,  and  filter  :  a  precipitate  is  formed. 

a.  Treatment  of  the  Freeipitate  oooaeioned  hj  Sulphide  of 

AmmonlnTn. 

It  may  contain  kiokel,  cobalt,  ziirc,  and  kakoavebe,  aa 
sulphides.  Wash  thoroughly ;  redissolve  in  as  little  nitro-hydro' 
chloric  acid  as  possible ;  dilute  (if  necessary) ;  filter ;  then  add 
caustic  potassa  (free  from  iron  and  lead)  in  slight  excess,  and 
boiL    The  alkaline  solution  may  contain  zinc 

Confirmation, — Add    a   little    sulphuretted    hydrogen, 
water :  a  white  precipitate  is  produced. 
Ziirc  is  present. 
The  portion  insoluble  in  caustic  potassa,  may  contain  oxides 
of  COBALT,  NICKEL,  and  MAireAVESB.     Thoroughly  wash ;  re- 
dissolve  in  hydrochloric  acid  ;  nearly  neutralize  with  ammonia ; 
add  excess  of  acetate  of  potassa;  pass  a  stream  of  sulphuretted 
hydrogen  quickly  through  the  solution,  and  filter.     The  solu- 
tion may  contain  manganese. 

Confirmation. — Add  chloride  of  ammonium^  ammonia^ 
2A\A  sulphide  of  ammonium,  A^/^A-co^ureJ  precipitate  is 
produced. 

Maj^oaitebb  is  present. 
Confirm  also  by  blowpipe. 
The  precipitate  may  contain  cobalt  and  nickel  as  sulphides. 
Thoroughly  wash  ;  redissolve  in  a  little  aqua-regia  ;  dilute  with 
water ;  nearly  neutralize  with  carbonate  of  soda,  then  add  a 
quantity  of  a  solution  of  pure  cyanide  of  potassium  sufficient  to 
redissolve  the  precipitate  which  is  at  first  formed.  Boil  briskly 
for  some  time,  tiU  the  evolution  of  hydrocyanic  acid  ceases ; 
filter  (if  necessary) ;  when  cold,  add  a  strong  solution  of  hypo* 
chlorite  of  soda;  allow  to  stand  for  some  minutes,  when,  if  no 
black  precipitate  or  coloration  appear,  add  a  drop  of  dilute 
hydrocKUme  acid,  and  heat  gentfy.    If  a  precipitate  takes  place, 
it  is  sesquioxide  of  nickel. 
Confirm  by  blowpipe. 
The  solution  may  contain  cobalt  in  the  form  of  eobalticya- 
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Hide  of  potassiQin  (R^Co^Cj^.    Eraporate  to  dryness  and 
confirm  by  the  blowpipe. 

D.  Anahftu  of  the  -RUrate  from  the  precipitate  ly  sulphide 
of  ammonium. 

It  may  contain  the  alkalirb  xabths,  and  the  alkaliss. 
Add  ammonia  and  carbonate  qf  ammonia,  wann  and  filter. 

I.  Treatment  of  the  Preoipitate  produoed  by  Oarbonate  of 

Aiaxnonia. 

It  may  contain  babyta,  stbontia,  and  limb,  in  the  form  of 
carbonates. 

Thoroughly  wash  ;  add  a  small  quantity  of  hydrochloric  acid 
to  the  washed  residue,  and  riuse  the  Mter  with  hot  distilled 
water.  To  a  small  portion  of  the  clear  solution,  add  a  few 
drops  of  solution  of  sulphate  of  lime. 

a.  B'o  Predpttate  Is  produoed  even  after  steadisg  for  some  time. 

Neither  babtta  nor  stbovtia  can  be  present,  but  limb 
may  be  present. 

(hnjirmaiion. — To  a  small  portion  of  the  hydrochloric 
solution  of  the  precipitate  by  carbonate  of  ammonia,  add  - 
ammonia  in  excess,  and  oxalate  of  ammonia.    A  white  pre- 
cipitate is  produced. 
Lime  is  present. 

^.  Sulphate  of  Idme  oooaefona  no  immediate  Preoipitate,  but  after 
remaining  for  some  time  in  the  cold,  a  Preoipitate  is  formed. 

Babyta  is  absent,  stbovtia  is  present,  possibly  lime  also. 
To  another  portion  of  the  hydrochloric  solution  of  the  precipi- 
tate by  carbonate  of  ammonia,  add  strong  solution  of  sulphate 
of  potash,  and  evaporate  to  dryness.  Add  a  small  quantity  of 
water  to  the  residue,  and  filter.  Add  to  the  filtrate,  ammonia 
and  oxalate  of  ammonia.  A  white  precipitate  is  produced. 
Limb  is  present. 

7.  Sulphate  of  Ume  oooasions  an  immediate  Preoipitate. 

Babyta  is  present,  and  possibly  stboktia  and  limb.  To 
the  remaining  portion  of  the  hydrochloric  solution  of  the  pre- 
cipitate by  carbonate  of  ammonia,  add  hydrofluosilieic  acid,  and 
warm  ;  baryta  is  thereby  precipitated  in  the  form  of  hydrofluo- 
silicate  of  baryta.  Evaporate  to  dryness;  pour  methylated 
spirit  on  the  residue ;  filter ;  eyaporate  to  dryness,  and  re* 
dissolve  in  water.    Divide  the  solution  into  two  parts.    To 
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one  portion  add  aulpJuUe  of  lime,  A  white  precipitate  is  formed 
after  a  time. 

Stbontia  is  present. 

Dilate  tbe  other  part  of  the  solution  with  water,  add  a  drop  ' 
of  ammonia  and  oxalate  of  ammonia,     A  white  precipitate  is 
produced. 

Lues  is  present. 

H.  Treatment  of  the  Filtrate  from  tlie  Preclpitftte  by  Carbonate 

of  Ammonia. 

It  may  contain  magitebia,  and  the  alkalies.  Add  a  few 
drops  of  carbonate  of  ammonia,  to  he  assured  that  everything 
precipitahle  hy  that  reagent  has  heen  removed.  Should  the 
solution  remain  clear,  to  a  small  portion  add  ammonia  and  pho8^ 
phate  of  soda,  and  agitate.  A  white  crystalline  precipitate  is 
formed. 

Magnesia,  is  present. 

Evaporate  the  remainder  of  the  solution  to  dr3rness,  and  ig- 
nite tul  ammoniacal  fumes  cease  to  he  evolved.    Heat  a  small 
portion  of  the  ignited  residue  on  platinum  wire,  in  the  inner 
name  of  the  blowpipe.     The  outer  name  is  tinged  yellow. 
Soda,  is  present. 

Eedissolve  the  remainder  of  the  ignited  residue  in  a  little 
hot  water ;  add  a  drop  of  hydrochloric  acid,  and  a  few  drops  of 
bichloride  of  platinum,  and  stir.  A  yellow  crystalline  precipi* 
tate  is  formed. 

PoTASSA.  is  present. 

Ammonia^  if  present,  will  have  heen  formed  in  the  prelimi- 
nary examination. 

E.  Analysis  of  the  portion  vnsolvhle  in  water  and  in  acids. 

It  may  contain  lead,  baryta,  stboktia,  and  li3CE,  as  sul- 
phates; LEAD  and  8ILYEB,  9A  chlorides ;  it  may  also  contain 
the  insoluble  modifications  of  the  sesquioxides  of  ALUMunxM, 
IBOK,  and  CHBOMiUM ;  silicates,  aluminates,  fmi  fluorides  ;  and 
hvnoxide  of  tin,  and  certain  phosphates,  arseniates,  and  antimo- 
niates,  A  small  portion  is  first  submitted  to  a  careful  pre- 
liminary examination  by  the  blowpipe,  whereby  a  general 
knowledge  of  its  nature  is  obtained.  It  is  then  fused  with 
three  or  four  times  its  weight  of  a  mixture  of  carbonate  of  pot^ 
assa  and  carbonate  qf  soda :  the  fusion  may  be  made  in  a  plati- 
num crucible,  unless  the  preliminary  examination  has  indicated 
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the  presence  of  some  one  or  more  of  the  heawf  metals,  in  which 
case  a  porcelain  crucible  must  be  used.  The  fused  mass,  when 
cold,  is  boiled  for  some  time  with  distilled  water,  thrown  on  a 
filter,  and  the  insoluble  portion  thoroughly  washed.. 

I.  Treatment  of  the  portion  insoluble  in  boiling  water. 

It  may  contain  the  hiues  mentioned  above,  some  as  oxides^ 
and  some  as  carbonates  ;  and  silicic  acid.  It  is  redissolved  in 
hydrochloric  acid  (unless  the  preliminary  examination  has  in- 
dicated the  presence  of  lead  or  silver,  in  which  case  nitric  acid 
must  be  used).  The  acid  solution  is  examined  systematically, 
according  to  the  instructions  already  given. 

H.  Treatment  of  the  portion  soluble  in  boiling  water. 

It  may  contain  certain  inorganic  acids,  possibly  also  some 
oxide  of  ITS,  oxide  o^ahtimokt,  oxide  o/mov,  and  limx. 
The  solution  is  divided  into  two  parts  (a,  P), 

a.  Tiny  antimony,  iron,  and  alumina  are  specially  tested 
for. 

p.  The  inorganic  acids  are  tested  for. 

II. — Prflliminary  Examination  for  Acids. 

143.  In  the  general  preliminary  examination  of  the  com- 
pound under  analysis,  tne  following  acids  will  (if  the  experi- 
ments have  been  carefully  conducted)  probably  have  been  de- 
tected, viz.  hydroBulphuric  acid,  sulphurous  acid,  carbonic  acid^ 
chromic  add,  arsenious  and  arsenic  acids,  silicic  acid;  the  acids 
of  chlorine,  bromine,  iodine,  And  fluorine  ;  the  acids  of  cyanogen 
and  of  nitrogen  ;  oxalic,  acetic,  and  some  other  of  the  organic 
acids.  Nevertheless,  when  several  of  these  acids  exist  toge- 
ther, it  is  quite  possible  that  some  may  be  missed  even  Dy 
the  most  experienced  analyst.  A  careful  special  testing 
should  always,  therefore,  be  had  recourse  to,  and  the  opera- 
tor must  consider,  bv  reference  to  the  nature  of  the  bases 
already  discovered,  what  acid  can  possibly  be  in  tombination 
with  them. 

I.  Treat  a  portion  of  the  substance  in  a  test-tube  with  con- 
centrated sulphuric  acid.  Should  a  greenish-yellow  gas,  having 
the  odour  of  chlorine,  be  evolved,  it  indicates  the  presence  of 
one  of  the  oxygen  compounds  of  chlorine.  This  gas  is  highly  ex- 
plosive, and  therefore  the  application  of  heat  must  be  avoided ; 
in  the  absence  of  this  gas,  apply  heat. 

A.  It  becomes  blacky  evolving  gases  (amongst  which  suU 
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phurow  aeid  can  be  recognized),  and  a  strong  odour  of  burnt 
Bttgar.  Tartaric  and  malw  acidt  must  be  specially  soaght 
for. 

B.  It  is  decomposed  witkoui  changing  colour,  eToiving  gas, 
but  DO  odour  of  burnt  suffar. 

a.  The  gas  burns  with  a  bltie  flame  (carbonic  oxide)  and 
renders  lime-water  turbid  (carbonic  acid).  The  presence 
of  oxalic  aeid  is  indicated. 

p.  The  gas  burns  with  a  blue  flame,  and  restores  the 
blue  colour  of  reddened  litmus-paper  (ammonia).  The 
acids  of  cyanogen  must  be  specially  tested  for. 

y.  A  gas  or  vapour  is  evolved  which  is  not  inflammable, 
and  the  substance  is  uot  blackened.  Carhonie,  sulphurous, 
hydroeulphmric,  hydroehhrie,  hydrofluoric,  nitric^  acetic, 
benzoic,  and  succinic  acids  may  oe  present. 

S,  A  volatile  vapour  is  evolved  baving  an  agreeable 
odour,  and  burning  with  a  clear  white  flame  (acetone). 
Acetic  acid  is  clearly  indicated. 

€.  A  vapour  is  evolved  which  corrodes  glass.  Hydro^ 
fluoric  acid  is  present. 

II.  Heat  a  portion  of  the  substanoe  with  sulphuric  acid  and 
binoxide  of  manganese. 

a.  Chlorine  is  evolved. 

fi.  Violet  vapours  are  evolved  which  colour  starch*paste 
blue.     Iodine  is  indicated. 

y.  Dense  red  vapours  are  evolved  which  colour  starch- 
paste  orange.    Bromine  is  indicated. 

III.  Heat  a  portion  of  the  substance  with  sulphuric  add 
and  copper  filings,  brown-red  fumes  are  evolved.  One  or  more 
of  the  eusids  of  nitrogen  are  present. 

lY .  Heat  a  portiou  of  the  substance  with  dilute  hydrochloric 
acid.  ' 

a.  A  colourless  gas  is  evolved  which  renders  lime  water 
milky.     Carbonic  acid  is  present. 

fi,  A  colourless  gas  is  evolved  which  blackens  lead-paper, 
and  which  possesses  the  odour  of  rotten  eggs.  Hydrosul' 
pkuric  acid  is  present. 

y.  A.  colourless  gas  is  evolved,  possessing  the  smell  of 
burning  sulphur.     Sulphurous  acid  is  present. 

fi.  Eed  vapours  are  evolved.    Nitric  acid  is  present. 
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General  Rules  for  the  Preparation  of  the  Solution  to  he  tssted 

for  Acide. 

144.  Sinee  Toany  haeee  would  be  precipitated  by  the  reagents 
employed  to  detect  the  presence  of  acios  in  the  wet  way,  as  « 

feneral  rule^  every  metallic  oxide,  but  those  included  in  G-roup 
.  {the  alkalies)  is  removed  from  a  solution  before  proceeding 
to  test  it  for  acids.  This  may  nearly  always  be  effected  by 
boiling  with  carbonate  of  soda  (1)  in  slight  excess.  In  some 
cases,  it  may  be  necessary  to  remove  the  oxides  of  the  heavier 
jnetals  by  hydrosulphuric  acid  and  sulphide  of  ammonium. 

(2)  Chromic  aeid,  if  present,  should  be  reduced  by  hydro- 
sulphuric  acid,  and  the  oxide  separated  by  ammonia. 

(H)  Silicic  acid  should  be  separated  by  evaporating  to  dry- 
ness, with  excess  of  hydrochloric  acid,  redissolving  the  residue 
in  dilute  hydrochloric  acid,  and  neutralising  by  animouia. 

j^oTJB. — In  this  case  the  volatile  acids — viz.  hydrocyanic, 
hydrobromic,  hydriodic,  acetic,  formic,  succinic,  and  benzoic 
acids — cannot  be  found  in  the  solution.  Acetic  acid  may  be 
tested  for  specially  with  sulphuric  acid  and  alcohol.  The  pre- 
sence of  silicic  acid  does  not  interfere  with  the  testing  for  suc- 
cinic and  benzoic  acids  by  sesquichloride  of  iron,  nor  with  that 
of  hydrocyanic  acid,  hydrobromic  acid  and  hydriodic  acid,  by 
nitrate  of  silver. 

(4)  If  the  substance  be  insoluble  in  water,  but  soluble  in 
acids,  and  if  it  has  been  found  by  the  preliminary  examination 
to  contain  an  organic  acid,  or  hydrocyanic,  hydrobromic,  or  hy- 
driodic acid,  it  should  be  boiled  with  carbonate  of  soda ;  the 
base  remains  in  the  residue  either  free,  or  combined  with  car- 
bonic acid,  and  the  acid  is  dissolved  in  combination  with  soda. 
The  solution  should  be  exactly  neutralized  by  nitric  acid  pre- 
vious to  testing  for  acids. 

(5)  If  the  solution  to  be  tested  for  acids  contain  ammoniacal 
jalts,  boracic,  tartaric,  anf  citric  acids  cannot  be  recognized  by 
the  usual  reagents.  In  such  a  case,  the  boracic  acid  may  be 
tested  for  specially  ;  or  the  ammoniacal  salts  may  be  removed 
by  long-continued  boiling  with  potassa,  and  the  solution  after- 
wards neutralized  by  nitric  acid. 

(6)  If  the  substance  be  insoluble  in  water,  but  soluble  in 
acids,  and  not  a  compound  of  an  organic  acid,  or  of  hydrocy- 
Anic,  hydrobromic,  or  hydriodic  acids,  a  part  may  be  dissolved 
in  hydrochloric  acid,  and  tested  for  all  acids  but  hydrochloric. 
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and  another  part  in  nitric  acid,  and  tested  for  hvdrocUoric  acid 
by  nitrate  of  silver. 

(7)  Carbonic,  hydratulphurie,  and  sulphur(ni€  acids  should 
be  separated,  if  present,  bj  a  strong  acid,  and  the  solution 
neutralized,  one  part  with  poUusa,  in  order  to  test  for  boracic, 
tartaric,  and  citric  acids,  the  other  part  with  ammonia,  to  test 
for  the  other  acids.  Carbonic  acid  may  be  recognized  by  the 
precipitate  caused  by  transmitting  the  gas  through  baryta 
water.  Ifydrosulphuric  acid  is  recognized  by  its  odour  and  by 
its  reaction  with  a  salt  of  lead,  and  ^sulphurous  acid  is  also 
recognized  by.|its  odour,  and  by  the  white  precipitate  occa- 
sioned by  passing  the  gas  through  a  solution  of  sulphuretted 
hydrogen. 

The  solution  filtered  from  the  precipitate  occasioned  by  car- 
bonate of  soda,  (1)  is  divided  into  four  parts.  One  part  (A) 
is  rendered  sliehtly  acid  by  hydrochloric  acid;  another  part 
(B)  is  acidified  by  nitric  acid;  a  third  part  (C)  by  acetic  acid; 
and  the  fourth  part  (D),  after  having  been  acidified  by  nitric 
acid  added  in  slight  excess,  is  again  made  slightly  alkaJine  by 
the  addition  of  a  few  drops  of  caustic  poiassa, 

I.  Examination  of  the  Solution  aoidifled  by  Hydrochloric  Acid  (A). 

Chloride  of  bariwn  produces  a  white  precipitate  insoluble 
by  boiling  with  great  excess  of  acid.  Sulfhubic  acid  is  pre- 
sent. 

Note. — It  being  possible  that  the  carbonate  of  soda  used  in 
preparing  the  solution  may  contain  sulphate  of  soda,  a  small 
portion  of  the  hydrochloric  solution  of  the  substance  prepared 
for  the  examination  for  bases,  may  advantageously  be  employed 
for  the  detection  of  sulphuric  acid. 

Sesquichloride  of  iron  produces  a  deep-blue  precipitate,  and 
protosulphate  of  iron  a  pale-blue  precipitate.  Hxdbofebbo- 
oiAKio  ACID  is  indicated. 

Protosulphate  of  iron  produces  a  deepMue  precipitate ;  ses- 
quichloride of  iron  no  precipitate,  but  a  brown  coloration.  Hr- 
BBOTEBBiDOTAKic  ACID  is  indicated. 

NoTX. — If  a  dark-blue  precipitate  has  been  produced  proto- 
sulphate of  iron,  and  a  dark'blue  precipitate  also  by  sesqui- 
chloride of  iron,  it  is  probable  that  hydraferrocyanic  and  hydro- 
firridcyanic  acids  are  both  present.  Proof  of  the  presence  of 
the  latter  acid  is  obtained  by  the  solubility  of  the  red-brown 
precipitate,  which  it  forms  with  nitrate  of  silver  in  ammonia  ; 
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the  con«eponding  salt  of  h jdroferrocyamc  acid  being  insoluble 
in  ammonia. 

Sesquichloride  of  iron  produces  a  hhod-reS  colour,  which  is 
destroyed  by  solution  of  chloride  of  mercury.  SulphoctjLbic 
ACID  is  indicated. 

Note. — It  must  be  borne  in  mind  that  a  similar  coloration 
is  produced  with  acetic  etcid;  in  this  case  however  the  colour  is 
destroyed  by  hydrochloric  acid.  It  must  be  remembered,  more- 
over, that  when  solution  of  sesquichloride  of  iron  alone  is 
heated,  its  colour  becomes  considerably  heightened. 

H.  Xxaxnlnfttion  of  tha  Solution  aotdifled  by  jntrio  Aold  (B). 

Nitrate  of  eilver  produces  a  white  precipitate,  insoluble  even 
by  boiling  in  strong  nitric  acid^  but  very  soluble  in  ammonia, 
HtdbochIiObio  AOin  is  present. 

N  DTE. — Hydrochloric  acid  is,  however,  best  sought  for  in  a 
nitric  acid  solution  of  a  portion  of  the  orifi;inal  substance,  as  it 
is  almost  impossible  to  obtain  carbonate  of  soda  quite  free  from 
chloride  of  sodium. 

Nitrate  of  eilver  produces  a  yellowish^hite  precipitate,  so* 
luble  in  ammonia,  but  not  so  readily  so  as  chloride  of  silver* 
Htdbobbomio  acid  is  indicated. 

Ckmfirmation. — Add  chlorine  water  to  a  portion  of  the 

original  solution,  and  then  a^tate  with  ether^  which  will 

take  up  the  bromine,  and  acquire  a  more  or  less  deep  yellow 

tinge. 

Ifiirate  of  silver 'proiuceB  a  yellotpish  precipitate,  soluble  with 
great  difficulty  in  ammonia.    Htdbiodio  acid  is  indicated. 
Confirm  by  the  hlue  colour  imparted  to  starch  paste* 

Nitrate  of  silver  produces  a  white  curdy  precipitate,  soluble  in 
ammonia  and  in  alkaline  cyanides. 

Confirm  by  the  peach-coloured  flame,  produced  when  the 

gas  evolved  by  heating  the  dried  precipitate  in  a  tube  ia 

ignited.    Hydroctakic  acid  is  indicated. 

Note. — As  chloride  of  silver  and  cyanide  of  silver  are  both 
readily  soluble  in  ammonia,  a  further  test  is  required  to  dis- 
tinguish hydrochloric  acid  in  the  presence  of  hydrocyanic  acid. 
The  precipitate  produced  by  nitrate  of  silver  leaves  after 
ignition,  in  the  case  of  pure  cn^anide  of  silver,  only  metallic 
silver,  which  may  be  dissolved  by  nitric  acid;  any  residue 
remaining  is  chloride  of  silver,  which  is  insoluble  in  nitric 
acid. 
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in.  Sxaminatloii  of  the  Solution  acidified  by  Aoetio  A<dd  (0)« 

.  Sesquichloride  of  iron  produces  a  yellowish-^hite  precipitate. 
Phosphoeio  acid  is  present. 

Confirm  by  molyhdate  of  ammonia. 
Sulphate  of  lime  produces  a  white  precipitate,  which,  after 
ignition,  is  soluble  with  effervescence  in  hydrochloric  acid. 
Oxalic  acu)  is  present. 

Chloride  of  calcium  produces  a  white  gelatinous  precipitate. 
Htj)eofluobic  acid  is  probably  present. 
Confirm  by  action  on  glass. 

IV.  BbcaminAtion  of  the  Solution  rendered  nearly  neutral  by  Oiaatio 

Potaaea  (D). 

Chloride  ofcaleium  produces  a  precipitate,  soluble  in  Moride 
of  ammonium,  and  in  caustic  potassa  in  the  cold.  Tabtabic 
ACID  is  present. 

Chloride  of  calcium  produces  no  precipitate  till  ammonia  or 
lime  water  is  added  and  the  whole  boiled.  Citric  acid  is 
present. 

-  Note. — The  recognition  of  tartaric  and  citric  acids,  when 
both  exist  together  in  a  solution,  requires  considerable  care. 
If  a  precipitate  has  been  produced  by  chloride  of  calcium^  it 
must  be  filtered  off;  and  the  filtrate  tested  for  citric  acid  by 
adding  ammonia  and  boiling.  When  tartrate  of  silver,  formed 
by  precipitating  a  solution  containing  tartaric  acid  with  nitrate 
of  silver,  is  gently  heated  with  ammonia  in  a  test-tube,  a  shin- 
ing mirror  of  metallic  silver  is  deposited ;  a  similar  mirror  is 
formed  with  citric  acid,  but  only  after  long  boiling. 

Sesquichhride  of  iron  produces  ^yelloioish'brown  ^red^ittite. 
Benzoic  acid  is  probably  present. 

Note. — Indications  of  this  acid  will  hare  been  obtained  in 
the  preliminary  examination. 

Sesquichloride  of  iron  produces  a  reddish-brown  precipitate. 
SuooiKic  ACID  is  probably  present. 

Note. — If  the  solution  contain  at  the  same  time  "benzoic 
and  succinic  acids,  the  latter  may  be  recognized  thus : — Digest 
the  precipitate  produced  by  sesquichloride  of  iron  with  am- 
monia ;  filter  off  any  benzoate  of  iron  which  may  be  formed, 
add  to  the  filtrate  chloride  of  barium,  alcohol,  and  ammonia,  by 
which  succinic  add  is  precipitated,  succinate  of  the  alkaline 
earths  being  insoluble  in  alcohol. 


1 


SYSTEMATIC   QUALITA^TIYB  AMALT8I8.  Sll 

8e$quichloride  of  iron  produces  a  hluifh-blaek  precipitate. 
Gallic  or  Tannic  acids  are  indicated. 

NoTB. — Jhnnie  acid  produces,  with  solution  of  gelatine,  an 
insoluble  curdj  precipitate ;  gallic  acid  is  not  precipitated  hj 
gelatine,^ 

BoBACio  ACID  is  recognized  by  its  action  on  turmeric  paper, 
which  it  reddens,  like  an  alkali.  If  a  solution,  containing  a 
borate,  be  treated  with  slight  excess  of  hydrochloric  acid,  and 
a  piece  of  turmeric  paper  oe  immersed  in  the  liquid  and  then 
dried  at  212^,  it  will  be  found  to  have  acquired  a  brownish-red 
colour. 
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CHEMICAL   ANALYSIS- 


PART  II. 

QUANTITATIVE, 


CHAPTEE  VII. 

ON   QUANTITATIVE   OPERATIONS. 
1.  WEIGHING. 

146.  The  Balance. — Of  the  various  implements  required  by 
the  analytical  ehemist  in  the  prosecution  of  his  labours,  the  ha- 
lance  is  perhaps  the  most  important ;  for  of  what  value  would 
the  most  elaborate  and  exact  experiment  be,  without  a  means 
of  ascertaining  the  quantitative  result  P  The  balance  therefore 
demands  our  first  attention. 

The  process  of  weighing  may  be  performed  in  a  variety  of 
ways,  and  with  various  kinds  of  machmes ;  but  the  instrument 
invariably  employed  by  the  chemist  for  determining  the  weights 
of  the  BUDstances  on  which  he  is  engaged,  is  what  is  generally 
known  as  the  common  balance,  which  is  a  lever  of  the  first 
kind,  with  equal  arms.  A  detailed  investigation  of  the  circum- 
stances which  regulate  the  sensibility  of  a  balance,  and  a  ma- 
thematical development  of  the  principles  on  which  it  is  con- 
structed, would  be  out  of  place  here :  it  may  not,  however,  be 
amiss  to  describe  briefly  some  of  the  most  important  points 
connected  with  its  construction  and  properties. 

The  philosophical  balance  may  be  described  as  a  uniform 
inflexible  lever  or  beam,  Fig.  41,  made  as  light;  as  is  consistent 
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with  a  proper  degree  of  Btrength,  and  haviDg  three  axes,  one, 
the  fulcrum,  or  centre  of  motion,  c,  on  which  it  turns,  and  the 
other  two,  a  and  b,  situated  at  equal  distances  from  the  fulcrum 
near  to  the  extremities  of  the  beam,  and  from  which  the  scales 


Fig.  41. 

or  pans  depend :  the  beam  thus  supports  the  scales,  and  is  itself 
supported  by  means  of  fine  edges  of  hard  steel  working  on  steel, 
agate,  or  garnet,  in  order  that  the  motion  may  be  free  and  the 
distances  of  the  points  precisely  defined.  The  scales  hanging 
from  fixed  points  in  the  beam,  act  on  them  always  in  the  direc- 
tion of  gravity ;  and  the  efiect  is  the  same  as  if  the  whole  weight 
were  concentrated  in  those  points. 

The  requisites  for  a  good  oalance  are : — 

(1)  That  the  centre  of  grayity,  g,  shall  be  immediately  below 
the  fulcrum  or  centre  of  motion,  o. 

(2)  That  the  fulcrum  or  centre  of  motion  shall  be  in  the 
same  right  line  with  the  points  of  suspension  of  the  scales ;  so 
that  a  straight  line  drawn  from  one  extremity  of  the  beam  to 
the  other,  shall  be  exactly  perpendicular  to  the  straight  line, 
c  D,  joining  the  centre  of  gravity  with  the  centre  of  motion ;  and 

(3)  That  the  arms  shall  be  of  equal  length. 

For  if,  in  the  first  place,  the  centre  of  gravity  and  the  centre 
of  motion  be  coincident,  the  beam  will  rest  in  any  indifibrent 
position,  the  scales  being  equally  loaded;  but  if  the  centre  of 
gravity  be  above  the  centre  of  motion,  then  the  slightest  im- 
pulse will  cause  the  beam  to  upset :  if,  however,  the  centre  of 
gravity  be  immediately  under  the  fulcrum,  then  the  line  joining 
it  with  the  latter  will  always  settle  itself  so  as  to  be  in  a  verticid 
direction ;  this  line  has  the  properties  of  a  pendulum,  the  shorter 
it  is,  the  greater  the  ande  formed  by  its  vibration  from  a  given 
impulse,  consequently  the  nearer  the  centre  of  gravity  to  the 
centre  of  motion,  the  greater  the  efiect  of  a  given  weight  added 
to  the  scale ;  or,  in  other  words,  the  more  delicate  the  balance. 
The  nearer  also  the  centre  of  gravity  of  a  balance  is  to  its 
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fulcrum,  the  slower  will  be  the  oscillations  of  the  beam.  The 
number  of  oscillations,  therefore,  made  by  the  beam  in  a  given 
time,  affords  the  most  accurate  method  of  judging  of  the  sensi- 
bilitj  of  the  instrument,  which  will  be  the  greater  as  the  oscilla- 
tions wte  fewer. 

In  the  second  place,  if  the  points  of  suspension  of  the  pans 
be  situated  below  the  centre  of  motion  of  the  beam,  the  effect 
of  each  addition  of  weight  to  the  scales  will  be  to  lower  more 
and  more  the  centre  of  gravity ;  and  this  we  have  just  seen 
diminishes  the  sensibility  of  the  balance.  If,  on  the  other 
hand,  the  points  of  suspension  of  the  pans  are  above  the  ful- 
crum, the  effect  of  the  addition  of  weights  will  be  to  raise  the 
centre  of  gravity,  thus  increasing  the  sensibility  of  the  instru- 
ment (ceteris  paribtte),  until  at  length  the  centre  of  gravity* 
becomes  itself  the  centre  of  motion,  when  the  beam  will  rest 
indifferently  in  any  position  ;  and  finally,  by  a  further  addition 
of  weights,  the  centre  of  gravity  becomes  raised  above  the  ful- 
crum, and  the  balance  upsets  from  the  smallest  disturbance. 

In  the  third  place,  with  respect  to  the  equality  of  the  arms, 
this  condition  is  of  course  essential  to  a  good  balance ;  it  is 
nevertheless  possible  to  weigh  as  accurately  with  a  balance  with 
unequal  arms  as  with  one  of  the  same  workmanship  with  equal 
arms ;  for  this  purpose  the  substance  to  be  weighed  is  put  into 
either  scale  and  counterpoised  by  sand,  shot,  or  any  other  ma- 
terial, with  the  greatest  accuracy ;  the  substance  is  then  re- 
moved and  the  balance  once  more  brought  into  a  state  of  equi- 
librium by  substituting  weights,  which,  it  is  perfectly  obvious, 
must,  under  these  circumstances,  absolutely  represent  the  weight 
of  the  substance  under  examination.  It  is  not  unfrequent  to 
meet  with  commercial  balances  constructed  with  unequal  arms 
for  fraudulent  purposes,  the  substance  to  be  sold  being  always 
put  into  the  scale  depending  from  the  longer  arm ;  the  fraud  is 
detected  by  simply  transposing  the  substance  and  the  weights 
after  equilibrium  has  been  established  between  them. 

Sensibility  and  stability  are  two  properties  essential  to  a 
good  balance. 

The  sensibility  of  a  balance  is  estimated  by  observing  the 
angle  through  which  a  very  small  weight  inclines  the  beam ; 
thus  supposing  we  wish  to  compare  the  sensibility  of  two 
balances,  and  that  a  grain  weight  put  into  a  scale  of  each  in- 
clines the  beam  of  the  first  4°,  and  that  of  the  second  only  2^, 
then  the  first  is  twice  as  sensible  as  the  second.     Now,  as  the 
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force  which  acts  in  turning  the  beam  is  proportional  to  the 
weight  multiplied  into  the  length  of  the  lever  at  the  extremity 
of  which  it  acts,  it  is  evident  that,  for  a  gi?en  weight,  the  sensi- 
bility of  the  balance  (cateris  paribus)  is  proportional  to  the 
length  of  the  beam. 

The  atahility  of  a  balance  is  the  force  with  which  the  beam 
endeavours  to  recover  its  equilibrium,  and  oscillate  about  its' 
position  of  rest  after  it  has  been  disturbed.  This  force  is  made 
up  of  two  parts,  the  first  of  which  is  proportional  to  the  weight 
01  the  beam  multiplied  into  the  length  of  the  lever  on  which  it 
acts  (o  a,  Fig.  41)  ;  and  the  second  is  proportional  to  the  load 
multiplied  into  its  length  of  lever ;  the  whole  restoring  force 
then,  and  that  which  the  predominating  weight  has  to  overcome 
in  turning  the  scale,  is  proportional  to  the  weight  of  the  beam 
multiplied  into  the  length  of  the  lever  on  which  it  acts,  added 
to  the  load  multiplied  into  its  length  of  lever.  It  is  evident, 
then,  that  iemibility  and  stability  are  two  properties  in  some 
degree  opposed  to  each  other,  and  that  whatever  tends  to  in- 
crease the  one  diminishes  the  other.  The  best  construction  is 
to  make  the  lever  through  which  the  load  acts  equal  to  nothing, 
and  this  is  done  by  placing  the  three  points  of  action,  a  b  o, 
Yig.  41,  in  the  same  straight  line  as  has  already  been  explained, 
and  by  keeping  the  centre  of  gravity  a  little  below  that  line : 
the  sensibility  of  the  balance  is  thus  rendered  independent  of 
the  load,  and  this  important  property  is  stiU  further  increased 
by  making  the  beam  as  light  as  possible. 

The  conditions  of  a  perfect  balance,  as  determined  by  theory, 
are  the  guides  to  the  artist  in  the  construction  of  a  good  instru- 
ment ;  and  although  an  absolutely  perfect  balance  is  practically 
unattainable,  nevertheless,  by  attending  carefully  to  the  prin- 
ciples above  explained,  the  sensibility  may  be  carried  to  a  sur- 
prising extent.  There  is,  in  the  possession  of  the  R(wal  Society, 
a  balance  made  by  Kamsden,  which  is  capable  of  weighing  ten 
pounds,  and  is  said  to  turn  with  the  ten-millionth  part  of  that 
load,  or  the  thousandth  part  of  a  grain.  The  balances  con- 
structed by  the  late  Mr.  Eobinson  have  long  enjoyed  a  just 
celebrity.  They  are  thus  described  by  Captain  Kater  (*  Lard^ 
ners  Cyclopaedia^^  Treatise  on  Mechanics) y  who  himself  con- 
structed an  instrument  for  verifying  the  national  standard 
bushel,  which  is  probably  the  most  sensible  that  has  yet  been 
made  {Phil.  Trans,  1826).  "  The  beam  of  Eobinson's  balance 
is  only  10  inches  long.     It  is  a  frame  of  bell-metal,  in  the 
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form  of  a  rhombus.  The  fulcrum  is  an  equilateral  triangular 
prism  of  steel,  1  inch  in  length ;  but  the  edge  on  which  the 
beam  vibrates  is  formed  to  an  angle  of  120^,  in  order  to  prevent 
any  injury  from  the  weight  with  which  it  may  be  loaded.  The 
chief  peculiarity  in  this  balance  consists  in  the  knife-edge  which 
forms  the  fulcrum  bearing  upon  an  agate  plane  throughout  its 
whole  length.  The  supports  for  the  scales  are  Knife-edges,  each 
-^ths  of  an  inch  long. .  These  are  furnished  each  with  two 
pressing-screws,  by  means  of  which  they  may  be  made  parallel 
to  the  central  knife-edge.  Each  edge  of  the  beam  is  sprung 
obliquely  upwards  and  towards  the  middle,  so  as  to  form  a 
spring,  through  which  a  pushing  screw  passes,  and  serves  to 
vary  the  distance  of  the  point  of  support  irom  the  fulcrum,  and 
at  the  same  time,  by  its  oblique  action,  to  raise  or  depress  it, 
60  as  to  furnish  a  means  of  bringing  the  points  of  support  and 
the  fulcrum  into  a  right  line.  A  piece  of  wire,  4  inches  long, 
on  which  a  screw  is  cut^  proceeds  from  the  middle  of  the  beam 
downwards.  This  is  pointed  to  serve  as  an  index,  and  a  small 
brass  ball  moves  on  the  screw,  by  changing  the  situation  of 
which  the  place  of  the  centre  of  gravity  may  be  varied  at  plea- 
sure. The  fulcrum,  as  before  remarked,  rests  upon  an  agate 
plane  throughout  its  whole  length,  and  the  scale-pans  are  at- 
tached to  planes  of  agate  which  rest  upon  the  knife-edges, 
forming  the  points  of  support.  This  method  of  supporting  the 
scale-pans  is  believed  to  be  due  to  Mr.  Cavendish.  Upon  the 
lower  half  of  the  pillar,  to  which  the  agate  plane  is  fixed,  a 
tube  slides  up  and  down  by  means  of  a  lever  which  passes  to 
the  outside  of  the  case.  From  the  top  of  this  tube  arms  pro- 
ceed obliquely  towards  the  ends  of  the  balance,  serving  to  sup- 
port a  horizontal  piece,  carrying  at  each  extremity  two  sets  of 
1 's,  one  a  little  above  the  other.  The  upper  Y's  are  destined 
to  receive  agate  planes,  to  whidi  the  scale-pans  are  attached^ 
and  thus  to  reHeve  the  knife-edges  from  their  pressure;  the 
lower  to  receive  the  knife-edges  which  form  the  points  of  sup- 
port :  consequently  these  latter  Y^s,  when  in  action,  sustain  the 
whole  beam. 

"  When  the  lever  is  freed  from  a  notch  in  which  it  is  lodged, 
a  spring  is  allowed  to  act  upon  the  tube  we  have  mentioned, 
ana  to  elevate  it.  The  upper  Y's  first  meet  the  agate  planes 
^carrying  the  scale-pans  and  free  them  from  the  knife-edge.  The 
lower  Y's  then  come  into  action  and  raise  the  whole  beam,  ele- 
vating the  central  knife-edge  above  the  agate  plane.    This  is 
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the  usual  state  of  the  balance  when  not  in  nse ;  when  it  u 
brought  into  actioit  the  reverse  of  what  we  have  Jescribed  takes 
place.  Or  pressing  down  the  lever,  the  central  knife-edge  first 
meets  the  agate  plane,  and  afterwards  the  two  agate  planes 
carrving  the  scale-paua  are  deposited  upon  their  supporting 
knife-edges." 

A  balance  of  this  kind  was  empWed  hj  Captain  Kater  in 
adjusting  the  national  standard  pound.  With  a  ponnd  troy  in 
each  scale,  the  addition  ofy^tfa  of  a  grain  caused  the  index 
to  vary  one  division,  equal  to  ^'^th  of  an  inch ;  and  Mr.  Bobin- 
son  adjusted  these  balances  so  that,  with  1000  trains  in  each 
scale,  the  index  varied  perceptibly  on  the  addition  of  laVn 
of  a  grain,  or  of  one-milhonth  part  of  the  weight  to  be  deter- 
mined. 


Fig.  *Z. 

rig.  42  represents  a  useful  cliemical  balance,  eonstmcted  by 
Messrs.  Ladd  and  Oertiing,  of  Moorgate  Street,  London,  in- 
tended to  carry  from  700  to  1000  grains,  which  will,  when 
loaded,  indicate  the  r^^^  '^^  *>  grain.     It  is  represented  in  th* 
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figure  with  a  Liebig's  potash  apparatus  attached  to  one  of  the 
arms,  the  object  being  to  show  the  facility  which  a  long  beam 
gires  to  the  operator,  for  weighing  these  awkward  pieces  of  ap- 
paratus. The  beam  of  this  balance  is  16  inches  long.  The 
balance,  as  seen  in  the  figure,  is  at  rest,  so  that  a  weight  placed 
in  one  of  the  pans  will  not  affect  the  equilibrium  of  the  beam. 
Bj  turning  the  knob  in  the  front  part  of  the  ease  between  the 
two  drawers  from  right  to  left,  the  arm  supporting  the  beam 
will  descend,  and  the  balance  will  be  free ;  the  oscillations  of 
the  beam  will  then  be  observed  by  the  index  moving  over  an 
ivory  scale  in  front  of  the  stand.  The  fulcrum,  or  centre  knife- 
edse  of  the  beam,  works  upon  agate,  with  which,  however,  it  is 
only  in  contact  when  the  balance  is  free.  The  pans  are  sus- 
pended b^  fine  platinum  wire,  and  are  provided  with  steel 
nooks,  which  hang  in  rings  attached  to  the  ends  of  the  beam ; 
these  rings  are  ground  out  conically  from  each  side,  so  as  to 
form  a  perfect  edge.  The  apparatus  fixed  on  either  side, 
above  the  beam,  s^res  to  move  small  weights  along  the  arm, 
which  is  accurately  divided  into  ten  equal  parts.  This  move- 
ment is  effected  by  means  of  small  knobs  outside  the  case. 
The  weight  used  for  this  purpose  is  made  of  fine  gold  wire, 
with  a  loop  at  the  top.  It  weighs  -^th  of  a  gram,  conse- 
quently, when  placed  at  the  Ist,  2nd,  3rd,  etc.,  division  of  the 
beam,  it  represents  one,  two,  or  three  hundredths  placed  in  the 
pan.  By  subdividing  each. division  the  weight  may  be  ascer- 
tained with  great  accuracy,  and  all  weights  less  than  iV^^  <'^  ^ 
grain  may  be  dispensed  with.  The  knob  seen  above  the  centre 
of  the  beam  can  oe  raised  or  lowered,  and  serves  to  adjust  the 
centre  of  gravity,  which  ought  to  be  a  little  below  the  fulcrum, 
or  centre  of  motion.  The  beam  has  also  adjustments  for  bring- 
ing the  ends  and  the  centre  knife-edge  into  the  same  straight 
line,  and  also  for  equalizing  the  lengths  of  the  arms ;  these 
contrivances  could  not,  however,  be  well  represented  in  the 
figure. 

Fig.  43  exhibits  a  balance  of  a  larger  description.  Its  beam 
is  18  inches  long,  and  it  is  intended  to  carry  from  2  to  3 
pounds  in  each  pan ;  and  when  loaded  with  such  a  weight  it 
indicates  distinctly  -g^th  of  a  grain.  In  order  to  obtain  such  a 
degree  of  delicacy  with  so  large  a  weight,  it  is  necessary  that 
the  best  construction  should  be  adopted.  The  beam  is  furnished 
with  a  straight  knife-edge  at  each  end,  upon  which  the  pans 
are  suspended  by  agate  planes ;  by  this  construction  not  only 
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a  greater  delicacy  and  durability,  bat  also  a  greater  constancy 
is  obtained  than  could  be  arrived  at  with  any  other  kind  of  ba- 
lance.   Tlie  instrument  is  represented  in  the  figure  aa  set  free 


Kg.  48. 
for  oscillation,  and  on  turning  the  knob  in  frost  &om  left  to 
right,  the  straight  arms  close  under  the  beam  are  raised,  and 
receive  the  end  pieces  to  which  the  pans  are  suspended  by  the 
small  cylinders  indicated  in  the  figure ;  therefore  when  the  ba- 
lance is  at  rest,  the  centre  knife-edge  of  the  beam  is  taken  off 
the  agate  plane  of  the  stand,  and  the  agate  planes  with  the 
pans  are  taken  ofi*  the  knife-edges  of  the  beam.  The  oecillationa 
of  this  balance  are  also  observed  by  an  index  moving  over  an 
ivory  scale,  in  front  of  the  stand. 

The  pans  in  this  balance  are  made  of  brass,  and  are  6 
inches  in  diameter ;  they  are  supported  by  stout  brass  wire, 
and  the  distance  from  the  centre  of  the  pans  to  the  small  brass 
plate  to  which  the  supporting  wires  are  attached  is  10}  inches ; 
evaporating  dishes  and  flanks  of  considerable  size  may  therefore 
be  weighed,  and  miocral  waters  and  filtrates  contained  in  large 
beakers  may  be  estimated  by  weight  instead  of  by  measure,  ^ 
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method  always  to  be  preferred.  Both  balances  are  enclosed  in 
glass  cases,  baying  convenient  doors  at  the  front  and  sides,  and 
the  smaller  one  is  provided  with  a  contrivance  for  steadying 
the  pans  during  the  operation  of  weighing. 

In  performing  the  process  of  weighing,  the  student  will  do 
well  to  observe  the  following  rules : — 1.  Always  to  use  the  same 
pan  for  the  same  purpose,  for  although  in  a  good  balance  it  is 
obviously  a  matter  of  indifference  which  pan  receives  the  weights, 
and  which  the  substance,  nevertheless,  an  attention  to  the  prac- 
tice of  always  placing  the  substance  to  be  weighed  in  the  same 
scale,  serves  in  a  great  measure  to  obviate  any  error  which  may 
arise  from  inequality  in  the  length  of  the  arms ;  as,  if  the  weights 
are  always  put  into  the  same  pan,  the  substance  weighed  in  the 
other  will  be  in  the  same  proportion  as  the  weights,  though  not 
exactly  equal  to  them ;  and,  m  chemical  experiments,  propor- 
tional quantities  are  in  general  of  far  greater  importance  tnau 
real  weights.    2.  Never  to  place  the  substance  to  be  weighed 
directly  on  the  scale,  but  upon  some  interposed  substance,  as  a 
watch  glass,  or,  occasionally,  on  a  piece  of  hot-pressed  wove 
paper,  counterpoised  of  course  in  the  other  scale  by  an  equal- 
sized  watch  glass,  or  piece  of  paper,  previous  to  putting  in  the 
weights.     A  substance  should  never  be  weighed  while  hot,  in 
consequence  of  the  effect  produced  by  the  ascending  current 
of  hot  air,  and  the  rushing  in  of  a  stream  of  cold  air,  which 
tend  to  give  an  upward  motion  to  the  pan,  making  it  seem 
lighter  than  it  really  is.     Substances  which  attract  moisture 
from  the  air  should  be  weighed  in  a  covered  crucible,  or  in  a 
watch  glass,  the  edge  of  which  is  ground  so  that  it  may  be 
covered  air-tight  with  another  equal-sized  watch  glass.  Another 
method  of  weighing  certain  substances  which  change  in  air  is 
recommended  by  Faraday  (*  Chemical  Manipulation^^  p.  41),  and 
may  sometimes  be  very  conveniently  adopted.     It  consists  in 
transferring  them,  not  to  the  pan  o^  the  balance,  but  to  a  por- 
tion of  water,  alcohol,  etc.,  as  tne  case  may  be,  of  known  weight, 
and  ascertaining  the  increase  of  weight  so  occasioned;  the  ana- 
lysis or  experiment  is  then  made  with  the  solution  instead  of 
the  solid  body.  A  third  important  rule  to  be  observed  in  weigh- 
ing, is  never  to  make  any  adjustment  of  weights  or  substance 
in  the  scales  while  the  beam  of  the  balance  is  free,  but  always 
to  take  it  off  its  support  previous  to  interfering  in  any  way 
with  the  contents  of  the  pans.     The  neglect  of  this  precaution 
may  soon  entail  serious  injury  on  a  delicate  balance. 
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.  The  following  method  of  examiniDg  a  newly  purchased 
balance,  recommended  by  Captain  Kater,  may  be  usefully  in- 
serted here,  by  way  of  conclusion  to  the  few  observations  we 
have  thought  it  advisable  to  make  on  the  subject  of  this  im- 
portant instrument.  1.  To  ascertain  whether  the  points  of 
suspension  and  the  fulcrum  are  in  a  right  line,  make  the 
yibrations  of  the  balance  very  slow  by  moving  the  weight 
which  influences  the  centre  of  gravity,  and  bring  the  beam 
into  a  horizontal  position  by  means  of  small  bits  of  paper 
thrown  into  the  scales.  Then  load  the  scales  with  nearly 
the  greatest  weight  the  beam  is  fitted  to  carry.  If  the  vibra- 
tions are  performed  in  the  same  time  as  before,  no  further 
adjustment  is  necessary ;  but  if  the  beam  vibrates  quicker,  or 
if  it  oversets,  cause  it  to  vibrate  the  same  time  as  at  first,  by 
moving  the  adjusting  weight,  and  note  the  distance  through 
which  the  weight  has  passed ;  move  the  weight  then  in  the  con- 
trary direction  through  double  this  distance,  and  then  produce 
the  former  slow  motion  by  means  of  the  screw  acting  verticaUy 
on  the  point  of  support.  Eepeat  this  operation  till  the  adjust- 
ment is  perfect.  2.  To  make  the  arms  of  the  beam  of  an 
equal  length.  Put  weights  in  the  scales  as  before  ;  bring  the 
beam  as  nearly  as  possible  to  a  horizontal  position,  and  note 
the  division  at  which  the  index  stands ;  unhook  the  scales,  and 
transfer  them  with  their  weights  to  the  other  ends  of  the  beam, 
when,  if  the  index  points  to  the  same  division,  the  arms  are  of 
equal  length,  but  if  not,  bring  the  index  to  the  division  which 
had  been  noted,  by  placing  small  weights  in  one  or  the  other 
scale.  Take  away  half  these  weights,  and  bring  the  index  again 
to  the  observed  division  by  the  adjusting  screw,  which  acts  hori- 
zontally on  the  point  of  support.  If  the  scale-pans  are  knovm 
to  be  of  the  same  weight,  it  will  not  be  necessary  to  change  the 
scales,  but  merely  to  transfer  the  weights  from  one  scale-pan  to 
the  other. 

146.  Weights, — The  unit  of  weight  adopted  in  this  country 
is  the  gram,  and  in  Prance  and  Germany  the  gramme. 

It  must  be  regarded  as  an  unfortunate  circumstance,  that  we 
have  in  England  two  different  sets  of  weights  expressed  by  the 
same  names.  The  pound  and  the  ounce  troy,  and  avoirdupois, 
have  different  values.  The  avoirdupois  pound  is  greater  than 
the  troy  pound,  the  former  weighing  7000  grains,  and  the  latter 
5760 ;  but  as  there  ai*e  in  the  avoirdupois  pound  16  ounces,  while 
in  the  troy  pound  there  are  only  12,  it  follows,  that  the  troy 
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ounce  is  greater  than  the  aroirdupois  ounce,  the  latter  weighing 
4d7i  grains,  and  the  former  480.  In  order  to  avoid  fractions, 
and  as  there  are  no  other  grains  than  troy  grains,  troy  weight 
is  generally  used  for  philosophical  purposes. 

The  standard  to  which  troy  weignt  is  referred,  is  the  weight 
of  one  cubic  inch  of  distilled  water,  which  at  62^  F.  and 
30  inches  barometer  weighs  252*458  grains.  The  troy  weight 
table  is 

dwt.  OS.  lb. 


gf- 


24 

= 

1 

480 

~~ 

20 

ss 

1 

5760 

25; 

240 

— ^ 

12 

=      1 

These  denominations  are  never  however  employed  in  che» 
mistry,  the  weight  of  substance  being  (when  the  English  system 
is  used)  always  reckoned  in  grains,  and  in  the  decimal  divisions 
of  the  grain,  viz.  01, 0*2,  0-3,  etc.,  001,  0'02, 003,  etc. 

The  standard  to  which  the  French  gramme  is  referred,  is  tho 
weight  of  T^th  part  of  a  cubic  metre*  of  distilled  water,  at  the 
temperature  of  melting  ice.  A  gramme  is  equal  to  15*434 
grains  troy,  whence  the  following  comparative  table  of  French 
with  troy  weight. 

Milligramme  = 

Centigramme  = 

Decigramme  = 

Gramme  = 

Decagramme  = 

Hectogramme  =: 
Kilog^mme 

MyrTagramme  = 

The  kilogramme  is  equal  to  2  lb.  3  oz.  4*428  drachms  avoirdu- 
pois, and  to  2*679  lb.  troy  weight. 

The  student  should  assure  himself  onc^  for  all,  on  purchasing 
a  set  of  weights,  that  they  are  correct  among  themselves,  and 
if  he  has  an  opportunity  of  comparing  them  with  standard 
weights,  he  should  do  so  :  for  the  purpose  of  adjustment,  the 
small  spherical  knobs  screwed  into  the  centre  of  the  cylindrical 
weights  are  provided  with  small  cavities  under  the  screws,  to 

*  A.  fMlre  is  the  ten-millionth  part  of  the  length  of  the  meridian  arc 
between  the  pole  and  the  equator  =  39'3710  English  inches,  though  the  ac- 
curaey  of  this  measurement  has  been  disputed. 


Ghramme. 

Troy  grains. 

•001  = 

•01543 

•01     =: 

•15434 

•1        = 

1-5434 

1            = 

15-434 

10           = 

154-34 

100        = 

1543-4 

1000        = 

15434 

10,000        = 

154340 
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receive  portions  of  fine  wire ;  a  very  simple  method  of  making 
small  weights  expressing  the  decimal  parts  of  a  grain,  is  to 
determine  with  great  care  the  weight  of  three  or  four  feet  of 
fine  silver,  or  platinum  \vire,  and  then  to  cut  off  such  portions 
as  are  equal  to  the  weights  required.  The  weight  box,  as  well 
as  the  balance,  must  be  carefully  kept  out  of  the  contact  of 
acid  or  other  vapours ;  the  brass  weights  may  be  gilded  (pre- 
vious to  adjusting  them)  to  keep  them  bright  and  clean ;  it  is 
not,  however,  to  be  concluded  that  they  necessarily  become  in- 
correct by  getting  tarnished,  for  Fresenius  states,  that  he  has 
examined  many  weights  of  this  description,  and  has  found  them 
as  exactly  corresponding  with  each  other  in  their  relative  pro- 
portions as  when  they  were  first  used.  As  a  general  rule,  how- 
ever, the  weights  should  not  be  touched  by  the  hand,  to  prevent 
the  necessity  for  which  the  weight  boxes  are  provided  with  con- 
venient brass  forceps  for  the  small  weights,  and  with  forks  or 
tonga  for  the  large  ones.  It  is  desirable  to  keep  a  shallow  dish, 
containing  quicklime,  inside  the  glass  case  of  the  balances,  in 
order  to  preserve  the  atmosphere  in  a  state  of  dryness,  and  thus 
to  prevent  the  oxidation  of  the  fine  steel  edges  and  other  me- 
tallic parts  of  the  apparatus. 

2.    SPECIFIC    GEATITT. 

147.  It  is  very  frequently  an  object  of  importance  to  com- 
pare the  density  of  a  substance,  solid,  liquid,  or  gaseous,  with 
that  of  another  substance  assumed  as  a  standard :  this  opera- 
tion is  called  the  determination  of  its  specific  gravity.  The 
density  of  solids  and  liquids  is  compared  with  that  of  pure  dis- 
tilled water ;  gaseous  fluids  are  usually  compared  with  atmo- 
spheric air.  When  great  accuracy  is  required,  the  tempera- 
ture of  the  water  is  of  importance,  and  in  such  cases  it  is  con- 
venient to  take  the  temperature  of  the  maximum  density  of 
that  fluid  (viz.  about  39°*4  F.),  at  which  temperature  it  can 
be  more  easily  maintained  without  variations  than  at  62^,  at 
which  it  is  generally  taken  in  this  country,  or  at  the  tempera- 
ture of  melting  ice,  32°,  at  which  it  is  taken  in  France.  Ge- 
nerally speaking,  in  the  determination  of  specific  gravities,  it 
is  sufiicient  to  note  the  temperature,  tind  to  apply  a  correction 
depending  on  the  known  density  of  water  at  difterent  degrees 
of  the  thermometer. 

(I.)  Determination  oftlie  Specific  Gravity  of  a  Solid,  a.  Hea- 
vier  than  Water. — This  depends  on  the  principle  discovered  by 
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Archimedes,  that  a  body,  ivhen  immersed  in  a  fluid,  loses  just 
as  much  of  its  weight  as  is  equal  to  the  weight  of  an  equal  vo- 
lume of  that  fluid ;  thus,  supposing  a  piece  of  gold  suspended 
from  one  of  the  pans  of  a  balance  by  a  fine  thread  or  hair,  to 
be  accurately  weighed  in  air,  and  then  immersed  in  a  jar  of 
distilled  water,  it  is  evident  that  a  quantity  of  water  will  be 
forced  over  the  sides  of  the  jar  exactly  equal  in  volume  to  the 
metal  which  displaces  it :  it  is  equally  clear  that  the  force  with 
which  the  metal  is  pressed  down  in  the  water,  is  equal  to  the 
difference  between  its  own  weight  and  that  of  an  equal  bulk  of 
water.  The  method  proposed  by  Archimedes  for  solving  the 
famous  problem  of  the  crown  of  Hero,  king  of  Syracuse,  was 
to  immerse  the  solids  to  be  compared,  of  known  weights,  in 
water  contained  in  a  cylindrical  vessel  of  known  area,  and  to 
note  the  relation  between  the  heights  at  which  the  liquid 
stands,  which  gives  the  relation  between  their  densities.  The 
method  now  adopted,  and  which  is  susceptible  of  far  greater 
accuracy,  is  to  weigh  the  substance  first  in  air,  and  then  in 
water,  and  to  divide  the  weight  in  air  by  the  loss  it  sustains 
when  weighed  in  water,  the  quotient  is  the  specific  gravity  of 
the  substance.  Let  S  =  the  specific  gravitv  of  the  substance ; 
"W  =  its  weight  in  air;  W  =  its  weight  m  water;  then — 

W 

s  = 


w— w 


The  method  of  performing  the  operation  is  shown  in  Fig.  43, 
p.  220.  Thus,  suppose  a  piece  of  gold  to  weigh  in  air  77 
grains,  and  in  water  73  grains,  the  loss  in  this  case  is  4  grains, 
and  we  have  the  proportion — 

4:77::  1:19-25; 
19*25  is,  therefore,  the  specific  gravity  or  density  of  the  gold. 

b.  Lighter  than  Water, — If  the  solid,  the  density  of  which  is 
to  be  determined,  be  lighter  than  water,  there  are  two  ways  of 
proceeding. 

By  the  first  method  the  dimensions  of  that  part  of  the  solid 
immersed,  while  it  is  floating  on  the  surface  of  water,  is  com- 
pared with  its  whole  magnitude ;  the  two  results  bear  the  same 
proportion  to  each  other  as  the  specific  gravity  of  the  solid  bears 
to  that  of  water.  The  experiment  is  performed  thus : — A  glass 
vessel,  having  perpendicular  sides,  and  as  narrow  as  the  magni- 
tude of  the  solid  will  admit,  is  filled  to  a  certain  mark  with  dis- 
tilled water ;  the  substance  is  then  set  to  float  in  it,  and  the  point 
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to  which  the  surface  of  the  water  rises  in  the  vessel  accurately 
marked :  the  body  is  then  totally  submerged,  and  the  point  to 
which  the  surface  of  the  water  rises  again  observed.  The  ele- 
vations of  the  surface  produced  by  the  partial  and  total  sub- 
mersion, indicate  the  portions  of  the  solid  in  each  case  im- 
mersed, and  are  therefore  in  the  ratio  of  the  specific  gravity  of 
the  solid  to  that  of  the  liquid.  This  method  is  not,  however, 
verv  often  adopted.  The  following  is  more  convenient : — The 
body,  the  density  of  which  is  to  be  ascertained,  ia  attached  to 
another  which  is  heavier  than  water,  and  of  such  a  size  that 
the  united  weights  of  the  two  will  be  greater  than  the  weight 
of  the  water  which  they  displace,  and  the  whole  consequently 
sinks  when  immersed.  The  weight  of  the  united  substances  is 
then  determined,  first  in  air,  and  then  in  water ;  the  weight 
lost  by  immersion  is  equal  to  the  weight  of  a  quautity  of  water 
corresponding  in  bulk  to  the  united  bulks  of  the  solids.  The 
lighter  solid  is  then  detached,  and  the  weight  lost  by  the  hea- 
vier by  immersion  in  water  ascertained  ;  this  is  the  weight  of  a 
quantity  of  water  equal  in  bulk  to  the  heavier  solid.  This  loss 
of  weight  being  subtracted  from  the  loss  sustained  by  the  com- 
bined masses,  the  remainder  is  the  weight  of  a  quantity  of 
water  equal  in  bulk  to  the  lighter  solid  ;  the  proportion  of  the 
weight  of  the  lighter  solid  to  this  will  determine  its  specific 
gravity. 

This  process  may  be  still  further  simplified  thus: — Weigh 
the  substance,  the  specific  gravity  of  which  it  is  desired  to  aB« 
certain,  first  in  air,  then  attach  it  loosely  to  a  piece  of  heavy 
metal,  the  weight  in  water  of  which  has  been  determined,  and 
weigh  the  combined  substances  in  water ;  the  aggregate  weight 
will  be  found  less  than  that  of  the  heavier  body.  Now  subtract 
the  weight  of  the  lighter  body  from  that  of  the  heavier,  and  add 
the  remainder  to  the  weight  of  the  former  in  air ;  we  thus  ob- 
tain the  weight  of  a  quantity  of  water  equal  in  bulk  to  the 
lighter  body,  and  by  dividing  the  weight  of  the  lighter  body  in 
air  by  this  last-mentioned  sum,  the  quotient  is  the  specific 
gravity  required. 

ExampU, — A  piece  of  indigo  covered  with  a  thin  coating 
of  varnish  (to  prevent  its  absorbing  water)  weighed  in  air 
105*1  grains:  a  piece  of  sheet  lead  which  was  used  for  ballast 
weighed  in  water  124'9  grains.  The  indigo  and  the  lead  were 
now  tied  together,  not  closely,  but  in  such  a  manner  that  the 
water  could  have  free  access  to  any  part  of  each  substance, 
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and  weighed  in  water,  the  aggregate  weight  was  108*5  grains; 
that  is,  16*4  grains  lighter  than  the  weight  of  the  lead  alone  in 
water.    Now  16'4  +  105*1  =  121*5  =  the  weight  of  a  quantity 

1061 
of  water  of  equal  bulk  to  the  indigo,  and  YoTE  ^  ^'^^^  =  ^^^ 

specific  gravity  of  the  indigo. 

e.  Of  a  Powder. — ^When  the  solid,  the  specific  gravity  of 
which  is  to  be  determined,  is  in  the  form  of  a  powder,  or  in 
minute  pieces,  it  may  be  placed  in  a  cup  which  is  counter- 
poised first  in  air,  and  then  in  water,  in  the  usual  manner ;  or 
the  same  method  may  be  pursued  which  is  adopted  in  taking 
the  specific  gravity  of  a  soil.  A  small  bottle,  containing,  when 
filled  and  its  stopper  adjusted,  a  certain  known  quantity  of 
water,  is  about  half  filled  with  distilled  or  rain  water,  and  a 
weighed  quantity  of  the  dry  powder  introduced.  It  is  then 
well  shaken,  and  after  the  solid  matter  has  settled,  it  is  com- 
pletely filled  with  water,  the  stopper  put  into  its  place,  and 
then  weighed.  The  weight  obtained  will  be  obviously  less 
than  that  of  the  united  weights  of  the  bottle  full  of  water  and 
the  substance  added,  and  the  difference  is  the  weight  of  a 
quantity  of  water  equal  in  bulk  to  the  solid  substance  added, 
and  by  dividing  the  weight  of  the  powder  by  this  difference  of 
weight  we  obtain  the  specific  gravity  required. 

Example, — A  bottle  filled  with  distilled  water  and  closed 
with  its  glass  stopper  weighed  750  grains.  About  half  the  water 
was  poured  out,  and  500  grains  of  a  certain  powder  introduced. 
The  water  and  the  powder  were  well  mixed  by  agitation,  and 
then  allowed  to  settle.  After  awhile  the  bottle  was  completely 
filled  up  with  water,  closed  with  its  stopper,  and  weighed. 
United  weights  of  the  bottle,  water,  and  powder, 

(supposing  the  latter  could  have  been  introduced 

without  displacing  any  of  the  water)  ....  1250  grs. 
Actual  weight  of  the  bottle,  water,  and  powder  .     .    1050  „ 

Difference,  expressing  the  weight  of  a  quantity  of 

water  equal  in  bulk  to  the  powder 200  „ 

Therefore — 

500 

^^  =  2*5  =  specific  gravity  of  the  powder. 

d.  Soluble  in  Water, — ^When  the  solid,  the  specific  gravity 
of  which  has  to  be  determined,  is  soluble  in  water,  it  must  be 
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weighed  in  some  liquid  which  exerts  no  action  upon  it;  the 
density  of  the  body  is  the  product  obtained  by  multipljiag  this 
number  by  tho  specific  gravity  of  the  liquid  used.'  Thus,  aup- 
poee  the  substance  to  have  been  weighed  in  oil,  and  itti  density 
with  reference  to  that  fluid  to  be  4'3,  that  of  the  oil  being  09, 
then  the  specific  gravity  of  the  body  will  be  4'3  x  0-9=3-87. 

(II.)  Setermifiatujn  of  the  Specifio  Gravity  of  a  Liquid. — 
The  specific  gravities  of  liquids  may  be  determined  in  two 
wavs  : — lat,  by  weighing  them  in  vessels  of  known  magnitude ; 
Uid  2nd,  by  weighing  a  certain  solid  in  the  liquid  to  be  exa- 
mined, and  comparing  the  loss  of  weight  with  that  which  it 
sustains  by  immersion  in  pure  water.  Bottles  are  sold  by 
the  philosophical  instrument  makers  which  hold,  when  full,  and 
closed  with  their  atoppers,  a  certain  quantity,  1000,  600,  or 
200  grains  of  distilled  water.  The  stoppers  of  these  bottles 
are  usually  perforated,  with  the  view  of  affording  a  free  pas- 
sage for  the  excess  of  fluid  when  the  stopper  is  inserted  in  its 
place  ;  there  is,  however,  no  occasion  for  this,  and  indeed  it  is 
very  objectionable  with  corrosive  fluids,  such  as  sulphuric  acid, 
and  with  volatile  fluids,  such  as  ether.  For  such  substances 
M.  Begnault  uses  a  flask  with  a  narrow  neck  (Fig.  44).     The 
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fluid  is  filled  to  the  mark  on  the  neck,  and  the  stopper  is 
inserted  in  its  place ;  evaporation  is  thus  rendered  impossible, 
and  should  the  liquid  expand  during  the  operation  of  weigh- 
ing, no  liquid  can  escape  from  the  bottle  in  consequence  of  the 
enlargement  of  its  neck.  The  bottlea  are  accompanied  with 
brass  weights  which  exactly  counterpoise  them  when  empty 
and  dry.  The  method  of  determining  the  specific  gravity  of  a 
fluid  by  meana  of  one  of  these  battles  is  very  simple :  we  have 
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only  to  fin  the  bottle  with  the  liquid  in  qnestion  and  weigh  it ; 
its  weight  gives  at  once  the  specific  gravity  without  any  calcu- 
lation. Thus,  supposing  the  Dottle  to  hold  1000  grains  of  dis- 
tilled water  at  62  ,  and  at  the  same  temperature,  1845  grains 
of  oil  of  vitriol,  and  918  grains  of  spirit ;  these  numbers  repre- 
sent the  densities  of  the  liquids,  water  being  1000;  or,  if  water 
be  taken  as  unity,  then  the  specific  gravity  of  oil  of  vitriol  is 
1*845  and  that  of  spirit  0*918.  In  determining  the  specific  gra- 
vity of  liquids  in  this  manner,  due  regard  must  be  had  to  tem- 
perature, otherwise  the  results  obtained  will  not  admit  of  exact 
comparison.  The  bottle  should  be  verified  before  it  is  used, 
and  if  it  should  be  found  incorrect,  that  is,  not  to  hold  exactly 
1000,  500,  etc.,  grains  at  62°,  its  capacity  at  that  temperature 
must  be  rigorously  determined  once  for  all,  and  the  weight  of 
water  found  must  be  used  as  the  divisor  of  the  weight  of  any 
other  fluid.  Thus,  suppose  the  bottle  be  found  to  hold  exactly 
995  grains  of  distilled  water  and  1836  grains  of  oil  of  vitriol,  then 

-^~-=l'845=the  specific  gravity  of  the  acid, 
•795 

The  determination  of  the  specific  gravity  of  a  liquid  by 
weighing  in  it  a  certain  solid,  depends  on  the  proposition,  that 
if  a  solid  specifically  heavier  than  water,  and  also  specifically 
heavier  than  the  liquid  whose  specific  gravity  is  to  be  deter- 
mined, be  successively  immersed  in  water,  and  in  that  liquid, 
the  losses  of  weight  will  be  proportional  to  the  specific  gravities 
of  water  and  the  liquid :  ana  if  the  number  expressing  the  loss 
of  weight  in  the  liquid,  be  divided  by  the  number  expressing 
the  loss  of  weight  in  the  water,  the  quotient  will  be  the  specific 
gravity  of  the  liquid. 

Example. — Suppose  a  ball  of  glass,  when  weighed  in  water, 

to  lose  200  grains,  and  when  weighed  in  oil  of  vitriol,  396 

369 
grains,  then  ^---= 1*845= the  specific  gravity  of  the  oil  of 

vitriol ;  but  suppose  the  same  ball,  when  weighed  in  spirit,  to 

183*8 
lose  183*8  grains,  then  -jr^r^  =0*918= specific  gravity  of  the 

spirit, 

A  series  of  hollow  bulbs  of  different  specific  gravities,  called 
"  specific  gravity  bulbs,"  are  also  sold  by  philosophical  instru- 
ment makers.  Their  use  is  almost  entirely  confined  to  practical 
chemical  operations  on  the  large  scale,  though  they  are  some- 

K 
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times  of  great  convenience  in  the  laboratoiy  for  determining 
the  degree  of  concentrfttlon  of  liquids.  These  bulbs  are  gene- 
rallj  numbered.  They  indicate  the  density  of  the  fluid  by 
sinking  or  floating  in  it,  as  the  cnee  may  be. 

In  cases  where  moderate  accuracy  only  is  required,  the  hy- 
drometer is  eiteuBively  eiployed  for  the  determination  of  the 
specific  gravities  of  liquids.  Its  use  is  principally  confined  to 
commercial  purposes,  where  expedition  is  of  greater  conse- 
quence than  great  exactness.  The  indications  of  these  instru- 
ments depeud  upon  the  fact,  that  a  body  when  it  floats  in  a 
liquid  displaces  a  quantity  of  the  liquid  equal  to  its  own  weight ; 
and  their  accuracy  dependa  upon  giving  them  such  a  shape, 
that  the  part  of  them  which  meets  the  surface  of  the  liquid  in 
which  they  float  is  a  narrow  stem  of  which  even  a  conaiuerable 
length  displaces  but  a  very  small  weight  of  the 
liquid.  Thus  any  error  in  observing  the  de- 
gree of  immersion,  entails  upon  the  result  an 
effect  which  is  inconsiderable. 

The  hydrometer  shown  in  Fig.  45  is  an  ar- 
rangement of  considerable  delicacy,  and  is  pe- 
culiarly useful  for  measuring  the  specific  gra- 
vity of  mineral  waters ;  many  forme  have  been 
eiven  to  the  instrument.*  It  consists  of  a 
ball  of  glass,  three  inches  in  diameter,  with 

_    Ji    another  joining  it,  and  opening  into  it,  of  one 

i'7  C'  i»  '^^'^^  '°  diameter,  B  and  c;  and  a  brass  neck, 
'  'L.     9     ^1  "^o-to  which  is  screwed  a  wire  a  0,  about  10 

inches  long  and  -^^  of  an  inch  in  diameter, 
divided  into  inches  and  tenths  of  an  inch. 
The  whole  weight  of  this  instrument  is  4000 
grains  when  loaded  with  shot  in  the  lower  ball. 
It  is  found  that  when  plunged  into  water  in 
tlie  jar,  a  grain  laid  upon  the  top  a  makea  it 
sink  one  inch  ;  therefore  the  tenth  of  a  grain 
aiuks  it  the  tenth  of  an  inch.  Now  it  will  stand 
Fig  *6-  ill  one  kind  of  water  a  tenth  of  an  inch  lower 

than  in  another,  which  shows  that  the  bulk  of  one  kind  of 
water  equal  to  the  bulk  of  the  instrument,  weighs  one-tenth  of 
•  For  fiirther  details  recpectitig  hydrometer,  wdA  Bpecific  gTavitj  graia- 
rally,  tlie  reader  in»j  comult  willi  adTanlage  the  Trealioo  on  HjdrosUtio, 
in  the  '  Library  of  Useful  Knowledge,'  from  wliioh  the  doncription  of  the 
hjdrometer  in  the  teit  ia  taken,  and  in '  Lardner's  Cabinet  Cjclopicdia.' 
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n  grain  less  than  aii  equal  bulk  of  tbe  other  kind  of  water ;  so 
that  a  difference  in  specific  gravity  of  1  part  in  40,000  is 
thus  detected.  This  weight  of  4000  graina  is  convenient  for 
comparing  water;  but  the  quantity  of  shot  in  the  lower  ball 
maj  be  varied  so  as  to  make  it  lighter  or  heavier,  and  so 
adapt  it  to  measure  the  specific  grsvities  of  lighter  or  heavier 
liquids.  It  will  always  be  an  accurate  and  very  delicate  mea- 
sure for  liquids  of  nearly  the  same  weight.  Indeed  its  deli- 
cacy ia  BO  great  that  an  impurity  too  slight  to  be  de- 
tected by  any  ordinary  test,  or  by  the  taste,  will  be 
discovered  by  this  instrument. 

The  most  useful  hydrometer  for  general  purposes  is 
that  of  Beaume.    It  contains  for  fluids  heavier  than  wa> 
ter,  a  scale  on  which  0  repreHents  the  depths  to  which 
it  sinks  in  distilled  water;  this  is  its  highest  point,  and      | 
15  is  that  to  which  it,  descends  when  immersed  in  a       | 
solution  of  3  parts  of  bay-talt  in  17  of  water ;  about  SO      [ 
or  60  degrees  are  marked  between  these  two  extreme      i 
points.    lu  the  instrument  used  for  fluids  light«r  than      [ 
water,  0  is  marked  at  that  point  to  which  it  sinks  in  a       b 
mixture  of  1  part  hay-talt  and  9  water,  and  10  at  that     J 
where  it  stands  in  pure  water.     There  are  generally  50  df 
degrees  ascending  from  the  lower  of  these  points  to  the  W, 
upppr. 

Fig.  46  shows  the  form  of  hydrometer  (Urinomeler)  ,i  i 
employed  by  Ifeubauer  for  determining  the  specific  ^ 
gravity  of  urine.  It  is  graduated  so  as  to  allow  the  ~Ji 
specific  gravity  to  be  ascertained  within  half  a  degree  ''j^' 
from  I'OOO,  the  specific  gravity  of  water,  up  to  I'OIO,  -^p' 
about  the  highest  specific  gravity  of  human  urine,  aod  .|^, 
it  encloses  a  Rmall  thermometer  fixed  in  the  floatise'     L1= 


=t 


it  encloses  a  small  thermometer  fixed  in  the  floatiisg 
portion  of  the  instrument.    In  reading  the  indications 
of  the  scale  of  the  hydrometer,  the  eye  should   be    '_E 
brought  to  a  level  with  the  under  surface  of  the  fluid  : 
this  level  is  attained  aa  soon  as  the  hinder  border  of 
the  surface  of  the  liquid  ceases  to  be  visible ;  the  scale    /i^ 
is  then  read  off  at  tbat  level.     If  the  poaition  of  the  f  A 
eye  be  not  right ;  if  it  be  on  too  high  or  too  low  a  level,  \^ 
the  surface  of  the  fluid  will  take  the  form  of  an  ellipue,  _. 
the  instrument  is  then  pressed  down  a  few   degrees 
deeper  into  the  liquid,  allowed  to  rise  freely  in  it,  and  the 
scale  read  off  a  second  time  in  order  to  correct  mistakes.    In 


232  QUANTITATITE   AKALYSIS. 

this  way  with  a  good  inBtrameiit  yeiy  accurate  results  are  ob- 
tained. 

(III.)  Determination  of  the  Specific  Gravity  0/ a  Gas, — This, 
though  simple  in  priuciple^is  in  practice  an  operation  of  much 
delicacy,  and  requires  considerable  manipulatory  skill  on  the 
part  of  the  operator.  The  gas  is  weighed  m  a  globe  or  balloon, 
the  weight  of  which  when  empty,  and  when  full  of  air,  is  known. 
The  weights  of  the  gas  and  of  the  air,  are  obtained  by  sub- 
tracting the  weight  of  the  exhausted  globe  from  the  weights  of 
the  globe  filled  respectively  with  air  and  gas.  The  quotient  ob- 
tained by  dividing  the  latter  by  the  former,  gives  the  specific 
gravity  of  the  gas. 

Regnault  employs  balloons  of  the  capacity  of  10  litres  (1 
litre  =  1*76  English  pint),  which  he  counterpoises  on  the  ba- 
lance (which  must  be  one  of  great  delicacy)  by  another  bal- 
loon of  the  same  kind  of  glass,  and  of  as  near  as  possible  the 
same  bulk ;  the  volumes  of  air  displaced  by  each  balloon  are 
accurately  determined  by  filling  each  with  water,  and  weighing 
it  first  in  water  of  the  same  temperature,  and  then,  after  care- 
fully drying,  in  air,  the  difference  in  the  two  weighings  giving 
of  course  the  weight  of  the  water  displaced  by  the  external 
volume  of  the  balloon ;  the  difference  found  in  the  external  vo- 
lumes of  the  two  balloons  is  made  up  by  attaching  to  the  smaller 
a  closed  tube  of  glass,  having  the  same  external  capacity  in 
cubic  centimetres  as  the  weight  of  the  water  displaced  is  less 
than  that  displaced  by  the  other  balloon  in  grammety — one 
cubic  centimetre  of  water  weighing  one  gramme.  In  this  way 
he  avoids  the  numerous  corrections  which  would  otherwise  be 
required  for  variations  in  the  density,  temperature,  and  hygrome- 
tric  state  of  the  atmosphere,  during  the  continuance  of  an  ex- 
periment, as  well  as  that  for  the  displacement  of  air,  and  the 
adherence  of  a  film  of  moisture  to  the  glass.  The  balloons  are 
suspended  beneath  the  scale-pans  of  the  balance  in  a  chamber 
closed  with  glass  doors  to  prevent  currents  of  air.  The  air 
having  been  removed  from  the  balloon  as  completely  as  pos- 
sible by  the  air-pump,  the  gas  the  specific  gravity  of  which  is 
to  be  determined  is  allowed  to  enter ;  the  balloon  is  a  second 
time  exhausted,  and  again  filled  with  the  gas ;  a  third  exhaus- 
tion as  complete  as  possible  is  made,  and  the  gas  is  allowed  to 
enter  the  balloon  slowly  whilst  it  is  kept  surrounded  with 
melting  ice,  it  is  then  wiped  with  a  damp  cloth  to  prevent 
electrical  excitation,  and  after  the  lapse  of  two  hours  weighed. 
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The  weight;  having  been  determined  with  the  greatest  possible 
care,  the  balloon  is  again  exhausted  whilst  surrounded  with  ice, 
but  as  a  perfect  exhaustion  is  unattainable,  it  is  necessary  to 
ascertain  the  elastic  force  of  the  gas  remaining,  which  is  done 
bj  the  use  of  the  barometric  manometer.  This  instrument  con- 
sists of  a  barometer,  and  a  tube  of  similar  diameter  and  height, 
but  open  at  both  ends,  standing  in  the  same  cistern  of  drj  mer- 
cury. The  cistern  is  partially  divided  into  two  unequ^  com- 
partments, the  barometer  standing  in  the  smaller.  The  open 
end  of  the  second  tube  is  connected  by  means  of  a  leaden  pipe 
with  die  exhausted  globe,  mercury  of  course  rises  in  the  tube 
immediately  the  cock  is  turned,  and  the  difference  of  level  be- 
tween the  column  of  mercury  in  this  tube,  and  that  in  the 
barometer  tube,  is  the  measure  of  the  elastic  force  of  the  gas. 
7he  temperature  during  the  experiment  is  noted. 

The  difference  between  the  two  weighings  of  the  balloon  re- 
presents the  weight  of  the  gas,  which  at  0°  C.  (=  32°  E.) 
fills  the  balloon  under  a  pressure  equal  to  the  barometric  pres- 
sure:— • 

Let  W  =  The  weight  of  the  balloon  and  gas. 

W  =  The  weight  of  the  exhausted  b^oon. 

B  =  The  barometric  pressure. 

B'  =  The  elastic  force  of  the  residual  gas. 
Then  the  formula — 

(W-W)  ^, 

Gives  the  weight  of  the  gas  at  (f  C,  and  under  the  normal 
pressure  of  760  millimetres  (=  29*922  inches). 

It  may  be  useful  to  give  here  the  corrections  to  be  applied 
to  an  observed  volume  of  gas  for  tempeiature  and  pressure  ac- 
cording to  the  English  standard.  In  actual  analysis  the  more 
convenient  French  system  is  almost  invariably  adopted.  The 
subject  will  be  returned  to,  in  a  future  chapter,  where  the  me- 
thods of  analysing  nitrogenous  organic  substances  are  under 
consideration. 

a.  Corrections  for  temperature. — ^The  experiments  of  Magnus 
and  Begnault  give  as  the  expansion  of  air  from  32°  to  212° 
ff4^  or^ths  of  its  volume  at  32°.  The  dilatation  for  each  de- 
gree F.  ifl  according  to  the  last  observer  0002086  or  ^.^  part. 
It  follows  therefor©  that  air  at  82°  expands  ^^  of  its  bulk  for 
•  every  degree  above,  and  contracts  by  the  same  amount  for  every 
degree  below  that  temperature ;  491  volumes  of  gas  at  82°  be- 
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come  469  volumes  at  0^ ;  it  may  be  stated  therefore  that  gases 
expand  ^-^th  part  of  their  volume  at  0°  F.  for  each  degree ;  that 
is,  459  cubic  inches  at  0°  become  at  the  normal  temperature, 
viz.  60^,  519  volumes,  and  at  50^,  509  volumes ;  hence  the  follow- 
ing simple  rules  for  determining  the  volume  which  a  gas  at  any 
observed  temperature  would  occupy  at  the  normal  temperature. 
Suppose  50  cubic  inches  of  gas  to  have  been  observed  when 
the  thermometer  was  standing  at  50°,  then — 

Tolumes  of  air  Toliunes  of  air         Obserred  toL        ^  i .x  cn^ 

at60^  ateCf.  ofga8at50^         Volume  at  6(r. 

As  509  :        519  ::        50  5098 

=  the  volume  of  the  gas  at  60°. 

Suppose  the  same  volume  of  gas  to  have  been  observed  when 
the  thermometer  was  standing  at  70°,  then,  as  459  volumes  of 
air  at  0°  become  529  volumes  at  70°,  the  proportions  are — 

Volume  of  air        Tolume  of  air        Observed  vol.        -v  \  ^     x  aao 
at  70°.  at  60*.  ofga8at70°.        Volume  at  GO. 

As    529  :         519         :  :         50       :  49-05 

=  the  volume  of  the  gas  at  600. 

The  reduction  of  the  volume  of  a  gas  at  any  observed  tem- 
perature to  the  volume  it  would  occupy  at  32°  is  attained  by  the 
use  of  the  following  formula : — 

Let  t  =  the  observed  temperature. 

/  =  the  required  temperature  (32°  F.). 
a  =  the  observed  volume  at  t. 
X  =  the  required  volume  at  f. 


Then, 


._     (459  +  0  dP 
459  +  ^ 


J.  Correction /or  pressure, — ^This  is  very  simple,  for  although 
there  is  reason  to  doubt  the  absolute  accuracy  of  the  law 
known  as  the  **  law  of  Marriotte,"  viz.  that  gases  are  expansible 
to  an  indefinite  extent  in  proportion  as  the  pressure  upon 
them  is  diminished,  and  to  be  contractible  under  increased  pres- 
sure exactly  in  proportion  to  the  compressing  force,  yet  the 
correctness  at  such  pressures  as  occur  naturally,  and  are  indi- 
cated by  the  barometer,  is  generally  admitted.  The  following 
is  the  rule  for  calculating  the  volume  which  a  gas^hould  possesa 
at  one  pressure  from  its  known  volume  at  another  pressure.  . 
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A.8  the  pressure  to  which  the  gas  is  to  be  reduced,  is  to  the 
observed  pressure  or  height  of  the  barometer,  so  is  the  observed 
volume  to  the  volume  required.  Thus,  suppose  the  observed 
volume  of  a  gas  to  be  120  cubic  inches  when  the  barometer  is 
standing  at  28*8  inches,  we  find  its  real  volume  at  the  normal 
pressure  thus : — 

Normal  Observed  Obeerred  Required 

preisare.  preBsure.  yolume.  Tolume. 

A3    80         :        28*8        :  :       120  x 

X  =  116*2  cubic  inces. 

Suppose  the  same  quantity  of  gas  to  have  been  measured 
when  the  barometer  was  standing  at  30*6  inches,  then — 

As  30     :     30-6     :  :     120     :     x 
X  =  122*4  cubic  inches. 

When  the  correction  of  a  gas  is  to  be  made  both  for  tempera- 
ture and  pressure,  the  reduction  is  first  made  for  temperature, 
and  the  corrected  volume  is  afterwards  reduced  according  to 
the  pressure. 

(lY.)  BETSBICINATIOK  OF  THE  SPEOIFIC  QBAVITT  OP  A  VAPOXJB. 

a.  Gay^lAUBOc^B  method. — ^The  liquid  to  be  experimented  upon 
is  introduced  in  quantities  of  three  or  four  grains,  into  one  or 
two  little  glass  bulbs.  The  manner  of  filling  these  bulbs  is  as 
follows : — The  bulb  having  been  first  accurately  weighed,  is 
warmed  gently  over  the  flame  of  a  spirit  lamp,  and  then  allowed 
to  cool,  with  its  point  immersed  in  the  liquid  with  which  it  is 
to  be  filled ;  as  the  bulb  cools  a  certain  portion  of  the  fluid 
enters,  this  is  then  boiled  in  the  bulb  till  all  the  air  is  expelled, 
and  the  bulb  is  filled  with  the  pure  vapour  of  the  substance ; 
the  point  is  then  dipped  under  the  surface  of  the  liquid ;  as  the 
vapour  condenses,  the  fluid  rushes  up  to  supply  its  place,  and 
the  whole  becomes  full ;  the  point  of  the  bulb  is  then  sealed 
by  the  blowpipe,  and  when  cool  it  is  weighed,  the  difierence  of 
weight  gives,  of  course,  the  weight  of  the  quantity  of  liquid 
which  it  contains.  Two  or  three  bulbs,  being  thus  filled,  are 
introduced  under  the  edge  of  a  narrow  graduated  jar,  filled 
with,  and  standing  over,  a  dish  of  mercury,  placed  upon  a  small 
furnace,  or  over  a  lamp.  The  jar  is  coverea  with  a  glass  cylin- 
der, open  at  both  ends,  and  secured  on  the  mercury  dish.  This 
cylinder  is  filled,  above  the  top  of  the  jar,  with  colourless  oil. 
All  things  being  thus  arranged,  the  furnace  or  lamp  is  lighted ; 
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as  the  temperature  of  the  mercury  and  oil  rises,  the  liquor  in 
the  little  bulbs  forms  steam,  which  at  length  bursts  the  bulbs 
and  the  level  of  the  quicksilver  in  the  jar  immediatvly  falb,  the 
vapour  occupjing  the  space  above  it.  "When  the  mercury 
ceases  to  deaceDO,  it  is  known  that  the  whole  of  the  liquid 
has  been  converted  into  vapour ;  the  temperature  of  the  oil, 
necessarily  the  same  as  that  of  the  vapour,  is  aacertained,  and 
by  the  graduation  on  the  far,  the  volume  occupied  by  the 
vapour  ia  easily  read  off.  The  weight  of  the  vapour  is  hnown, 
it  oeing  that  of  the  liquid  in  the  bulbs;  its  volume  at  the 
temperature  of  the  oil  is  thus  found,  from  which  its  volume 
at  the  mean  temperature  may  be  calculated  and  compared 
with  that  of  an  equal  weight  of  atmospheric  air  at  the  mean 
temperature  and  preasure. 


Kg.  47. 

6.  Duma*'  method. — This  ia  applicable  to  all  temperatures  be- 
low the  melting-point  of  glass,  and  to  the  determination  of  the 
vapours  of  all  substaoces  vaporizable  under  that  temperature, 
and  which  do  not  suffer  decomposition  by  vaporization.  Its 
discovery  has  therefore  been  of  the  greatest  service  to  science, 
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nnd  has  led  to  results  of  the  most  important  scientific  character 
It  is  conducted  as  follows : — A  globe  of  difficultly  fusible  glass, 
and  capable  of  holding  from  15  to  30  cubic  inches,  is  first 
thoroughly  dried ;  this  is  done  by  repeatedly  exhausting  and  re- 
admitting air,  dried  by  passing  over  long  tubes  filled  with  chlo- 
ride of  calcium,  the  globe  being  buried  in  hot  sand  ;  it  is  then 
drawn  out  to  a  long  neck,  having  a  capillary  orifice ;  this  neck 
is  bent,  as  shown  in  the  figure.  It  is  weighed  while  full  of 
atmospheric  air,  the  temperature  and  barometric  pressure  being 
noted.  About  120  grains  of  the  substance  to  be  examined  are 
poured  into  a  glass,  (if  a  solid,  it  must  be  liquefied  by  heat,) 
and  the  globe  having  been  warmed,  its  point  is  immersed  in  the 
liquid,  and  80  or  100  grains  allowed  to  enter;  this  part  of  the 
operation  may  be  hastened  by  cooling  the  globe  by  dropping 
ether  upon  it.  The  globe  is  then  fitted  in  a  sort  of  wire  cage, 
by  which  it  is  securely  fixed  in  the  centre  of  the  bath  in  which 
it  is  to  be  heated,  as  seen  in  the  figure.  The  bath  is  charged 
either  with  oil  or  with  a  saturated  solution  of  chloride  of  cal- 
cium. The  capillary  beak  of  the  tube  must  be  long  enough  to 
project  over  the  surface  of  the  bath,  as  shown  in  the  figure. 
The  temperature  of  the  bath  is  then  increased  to  the  desired 
point ;  when  the  globe  becomes  sufficiently  heated,  the  liquid 
boils,  and  its  vapour  in  passing  away  carries  off  the  air  which 
had  previously  filled  the  globe.  The  force  of  the  steam  in- 
creases, at  first,  with  the  temperature  of  the  bath,  by  degrees 
it  diminishes,  and  finally  ceases  altogether ;  the  operator  then 
knows  that  the  excess  of  vapour  has  passed  away,  and  that  the 
globe  is  filled  with  the  vapour  of  the  substance,  in  a  state  of 
purity.  Should  any  of  the  vapour  have  condensed  in  the  neck 
of  the  globe,  it  must  be  chased  away  bv  a  piece  of  red-hot  char- 
coal. The  orifice  of  the  capillary  neck  is  now  closed  air-tight 
by  means  of  the  blowpipe,  the  temperature  of  the  bath  being 
at  the  same  moment  carefully  noted ;  the  globe  is  then  removed, 
allowed  to  cool,  cleaned,  and  weighed.  The  next  point  is  to 
ascertain  exactly  the  capacity  of  the  globe,  with  which  view  the 
extremity  of  the  neck  is  broken  off  under  mercury ;  this  is 
done  by  first  making  on  it  a  slight  scratch  with  a  file,  and  then 
plunging  it  underneath  the  surface  of  the  fluid  metal,  and 
oreaking  it  off  by  a  slight  tap  against  the  side  of  the  trough ; 
the  mercury  immediately  rushes  into  the  globe,  filling  up  the 
vacuum  caused  by  the  condensation  of  the  vapour.  If  the 
experiment  has  been  well  conducted,  the  whole  of  the  globe 
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becomes  filled,  but  if  there  was  a  small  quantity  of  air  still  re- 
maining at  the  time  of  sealing  the  neck,  a  bubble  will  remain  in 
it.  The  globe  full  of  quicksuver  is  then  emptied  into  a  gradu* 
ated  jar,b7  which  the  quantity  of  the  quicksilver  being  measured, 
the  capacity  of  the  globe  is  known,  and  all  the  elements  for 
calculating  the  speci^c  gravity  of  the  vapour  are  thus  ascer- 
tained. Thus,  the  volume  of  the  globe  being  known,  the  weight 
of  the  atmospheri.c  air  it  contained,  is  ascertained  by  calculation, 
and  the  globe  having  been  weighed  full  of  air,  by  deducting  the 
weight  of  that  volume  of  air,  the  weight  of  the  empty  globe  is 
ascertained,  and  deducting  this  weight  from  that  of  the  globe 
when  filled  with  the  vapour  of  the  substance,  or  rather  when 
containing  the  liquid  resulting  from  the  condensation  of  that 
vapour,  we  obtain  the  weight  of  the  vapour  of  the  substance  at 
the  temperature  of  the  bath.  The  weight  of  the  atmospheric 
air  filling  the  globe  at  the  temperature  of  the  bath  is  now  as- 
certained by  calculation,  by  the  rules  already  given,  and  this 
being  known,  the  determination  of  the  density  of  the  vapour  is 
made  by  the  simple  rule  of  proportion. 

Example, — By  way  of  illustrating  this  beautiful  operation  we 
quote  an  experiment  made  by  the  author  of  the  process  (Du- 
mas), the  weights  and  measures  being  reduced  to  the  English 
standard :  we  have  omitted  certain  corrections  applied  by  the 
French  chemists,  such  as  that  for  the  expansion  of  the  glass,  and 
the  reduction  of  the  indications  of  the  mercurial  thermometer, 
to  those  of  the  air  thermometer,  according  to  the  experiments 
of  Magnus ;  the  results  of  these  corrections  not  having  a  very 
significant  bearing  on  the  result. 

The  experiment  is  the  determination  of  the  specific  gravity 
of  the  vapour  of  camphor. 

The  particulars  are  as  follows : — 

Temperature  of  the  air 56°-3  F. 

Height  of  the  barometer    ....     29*2  in. 

Temperature  of  the  bath  at  the  time 
of  sealing  the  balloon     ....  471°*2  F. 

Increase  in  the  weight  of  the  balloon    10*88  grains 

Capacity  of  the  balloon  as  determined 
by  the  weight  of  the  volume  of  mer- 
cury required  to  fill  it    •     .     •     .     180  cub.  inches. 
(I.)  Ueduction  of  the  volume  of  atmospheric  air  which  the 
balloon  contained  at  the  temperature,  and  under  the  atmo- 
spheric pressure,  at  the  time  of  weighing  it,  to  82^  F.  and  29'9  in. 
barom. 
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a.  CorreeHon  for  pressure : — 

As     29-9     :     29-2     ::     180     :     x 
X    =     17-67 
p.  Correction  for  temperature  according  to  the  formula — 

(459  +  0  a? 

^  ""     469-f^ 

— AKQ  i  Kg.Q —  =  16*74  cubic  inches  =  the  volume  of  air  at 

32''  F.  and  29*9  in.  barom. 

(II.)   Weight  of  this  Volume  of  Air : — 
According  to  the  experiments  of  Begnault,  100  cubic  inches 
of  atmospheric  air  at  32°  F.  and  29*9  in.  barometer,  weigh 
32*5684  grains,  therefore — 

Cubic  Cnbio  Cubic 

inches.  inches.  inches. 

100  16*74      ::       32*58684       :       x 

X  =  5*455  =  the  weight  of  the  dry  air  with  which  the  baUoon 
was  filled  when  it  was  weighed. 

Now  the  increase  in  the  weight  of  the  balloon  with  its  charge 
of  camphor  vapour  was  10*88  grains,  if  therefore  we  add  this 
number  to  the  calculated  weight  of  the  air,  we  shall  obtain  the 
actual  weight  of  the  vapour,  tnus — 

10*88  +  5*455  =  16*835  =  the  weight  of  the  camphor  vapour. 
(III.)  Reduction  of  the  Volume  of  Gamphor  Vapour  (=  16*385 
grains)  to  32°  K  and  29*9  ♦».  barometer : — 
a.  Correction  for  pressure — 

As  29*9     :     29*2     :  :     180    :     17*57 
/?.  Correction  for  temperature — 

^^^.Jt^^J^/!^^  =  9-27  cubic  inches  =  the  volume  of  the 
459  H-  471*2 

vapour  at  29*9  in.  barometer  and  32°  F.,  and  which  consequently 

weighs  16*335  grains ;  therefore — 

1(X)  cubic  inches  weigh  176*2  grains. 

Now,  as  100  cubic  inches  of  air  weigh  at  32°,  32*58684  grains, 
the  specific  gravity  of  camphor  vapour  is  found  by  the  propor- 
tion— 

As  82*58684     :     176*2     :  :     1     ;     a? 
X  =  5*40  =  the  specific  gravity  of  camphor  vapour. 

Dumas'  calculation,  with  the  corrections  for  the  expansion 
of  the  glass  globe  and  the  reduction  of  the  degrees  of  the  mer- 
curial to  those  of  the  air  thermometer,  gives  as  the  density 
5-52. 
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148.  In  tbe  quantitative  examination  of  liquids,  recourse  is 
generally,  when  practicable,  had  to  weighing,  in  preference  to 
measuring.  'For  this  purpose  the  balance,  Eig.  43,  is  well 
adapted.  When,  however,  it  is  deemed  expedient  to  resort  to 
the  latter,  the  imperial  pint  and  its  subdivisions  is  a  convenient 
standard  for  large  quantities,  aud  the  cubic  inch  and  its  sub- 
divisions for  small  quantities  of  liquid.  Tbe  measure  of  the 
imperial  pint  is  34'65025  cubic  inches,  and  it  contains  8750 
grains  of  distilled  water  at  62°  E.,  and  at  30  in.  barometer.  It  is 
divided  into  20  parts,  each  part  having  a  capacity  of  1*7329625 
cubic  inches,  and  containing  1  ounce  avoirdupois,  or  437 '5  grains 
of  distilled  water.  The  cubic  inch  consists  of  252*456  grains 
of  distilled  water  at  the  standard  temperature  and  pressure, 
and  of  3425*35  grains  of  mercury.  Lipped  jars  of  the  imperial 
pint,  half-pint,  and  quarter-pint  capacity,  graduated  into  ounces 
and  half-ounces,  are  articles  o!  commerce,  aud  are  easily  ob- 
tained. The  chemist  never,  however,  takes  it  for  granted 
that  these  gradations  are  correct,  but  verifies  each  jar  for  him- 
self by  weighing  into  it  successive  quantities  of  water  or  mer- 
cury, and  making  a  mark  or  scratch  with  a  file  or  diamond  at 
the  correct  division,  should  it  not  coincide  with  that  previously 
made  on  the  jar.  Bottles  having  an  exact  cubic  inch  capacity, 
and  holding,  therefore,  252*456  grains  of  distilled  water,  and 
3425*35  grains  of  mercury  when  the  stopper  is  in  its  place,  are 
also  to  be  obtained  at  the  philosophical  instrumeyit  makers, 
and  when  correct,  they  are  exceedingly  useful,  and  pave  a  great 
deal  of  time. 

For  the  measurement  of  gases  various  sized  jars  are  required. 
Figs.  48, 49, 50, 51 ;  they  are  always  in  this  country  graduated 
into  cubic  inches,  tenths,  and  hundredths ;  the  laboratory  should 
be  furnished  with  a  good  supply  of  them,  and  some  of  them,  as 
Fig.  49,  should  be  sufficiently  stout  to  bear,  without  risk,  their 
weight  when  filled  with  mercury  during  the  manipulations  at 
the  mercurio-pneumatic  trough.  As  a  general  rule,  all  jars, 
whether  for  gases  or  for  liquids,  should  be  carefully  verified 
before  they  are  used  for  quantitative  experiments;  tubes  in. 
particular  that  are  intended  to  be  employed  in  gaseous  analysis, 
must  be  rigorously  tested;  and  it  is  better  that  the  chemist 
should  graduate  them  himself  than  trust  to  the  accuracy  of 
those  met  with  in  commerce.    For  this  purpose,  having  selected 
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ft  tube  of  the  denired  size  and  tbicknesB,  aod  of  clear  faultlesB 
glass,  it  is  placed  io  a  perfectly  Tertical  position,  vith  its  closed 


I 


M. 


Fig  48 


Fig.  49. 


Fig.  50. 


Fig.  61. 
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end  on  a  flat  surface.  A  small  piece  of  clasB  tube,  Fig  62,  of 
known  capacity,  the  edge  of  wbicb  is  ground  sothat  it  may' 
be  closed  air-tigbt  with  the  piece  of  ground  glass,  serves  ^^ 
as  a  measure  or  gauge ;  this  is  filled  with  mercury,  and  all 
bubbles  of  air  having  been  expelled  by  passing  a  rod  of 
glass  down  the  internal  sides  of  the  tube,  its  contents  are 
ta'ansferred  to  the  jar  or  tube  to  be  graduated ;  the  sur- 
face of  the  fluid  metal  is  marked  on  the  outside  of  the  Fig.  62. 
flasB  with  a  pencil.  In  doing  this,  the  operator  must 
e  aware  of  the  cohesive  attraction  existing  between  the  mer* 
cury  and  the  glass,  the  tendency  of  which  is  to  depress  that 
part  of  the  surface  of  the  metal  which  verges  towards  the  sides 
of  the  tube ;  hence  a  mark  made  to  correspoad  with  that  sur- 
face woiild  include  a  apace  in  the  tube  somewhat  larger  than 
that  occupied  by  the  metal.  Faraday  ('  Chemical  Manipulation,' 
p.  75)  proposes  to  get  rid  of  the  difficulty  by  using  mercury 
which  IS  not  quite  clean,  but  which,  from  containing  a  little  of 
some  other  metal,  as  tin,  lead,  etc.,  has  a  film  formed  un  its  sur- 
face which  gives  it  a  flat  surface  in  the  tube.  A  second,  and  a 
third,  etc.,  measure  of  mercury  is  introduced  and  marked,  till 
the  tube  is  filled.  Itistbenemptiedof  its  contents,  and  covered 
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with  a  thin  coat  of  transparent  engraver's  varnish,  by  means 
of  a  camePs-hair  pencil.  When  dry,  the  pencil-marks, 
which  are  distinctly  seen  through  the  varnish,  are  laid 
bare  by  a  sharp  steel  dividing-instrument,  eveiy  fifth 
division  being  made  somewhat  longer  than  the  others 
by  way  of  distinction.  The  figures  at  each  tenth  division 
are  cut  through  the  varnish  by  the  point  of  a  steel  pen, 
and  the  whole  is  then  covered  with  hydrofluoric  acid, 
which,  attacking  the  glass  where  it  is  laid  bare  at  the 
divisions  and  figures,  efiectually  engraves  them.  If  a 
relative  division  of  the  tube  only  is  required,  it  is  a  matter 
of  no  consequence  what  the  capacity  of 
the  little  gauge  may  be ;  but  when  the  ob- 
ject is  to  graduate  tubes  with  reference  to 
a  standard  measure, — as,  for  instance,  the 
cubic  inch, — then  it  will  be  found  most 
convenient  to  weigh  into  it  successive  por- 
tions of  mercury :  thus,  to  divide  the  tube 
iuto  -{^ths  of  a  cubic  inch,  successive  ad- 
ditions of  342*535  grains  of  mercurv  must 
be  made,  to  divide  it  into  -r^ths  the 
lB^g-53.  weight  of  the  metal  must  be  34'25  grains. 
In  making  the  adjustments  of  the  mercury  in  the 
pan  of  the  balance,  the  small  graduated  pipette, 
Yis.  53,  provided  with  a  stop-cock  and  air  screw, 
will  be  found  very  useful. 

The  Burette  and  Pipette. — ^For  delivering  small 
and  definite  quantities  of  liquids,  as  in  the  ope- 
rations of  volumetric  analysis,  the  burette  is  an 
indispensable  instrument.  Various  forms  have 
been  given  to  it,  some  of  which  are  shown  in 
Pigs.  54,  55,  56.  Fig.  54  represents  Gay-Lus- 
sac's  burette,  which  is  very  delicate,  though 
rather  liable  to  break,  and  not  therefore  so  well 
suited  as  the  others  for  the  general  work  of  the 
laboratory  ;  if  however  pieces  of  cork  be  inserted 
between  the  two  tubes,  and  then  string  bound 
round  both,  as  shown  in  the  figure,  the  danger  of 
fracture  will  be  almost  entirely  obviated.  Being 
round  at  the  bottom,  it  requires  a  support,  which 
may  be  a  block  of  wood  perforated  by  an  oval 
hole.     Fig.  55  is  known  as  Binks's  burette ;  the       Fig.  5i. 
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drop  tube  ii  here  at  the  top,  instead  of  at  the  bottom  of  the  tnbe. 
Tlie  nse  of  this  instrumeiit  requires  a  steady  hand,  but  after  a 
littleproctice,  a  liquid  may  be  delivered  trom  it  vith  great  pre- 


"^^ 


cision.  Fie.  56  is  Mohr's  burette,  which  is  applicable  to  nil  cases 
in  vhich  the  contact  of  organic  matter,  such  as  india-rubber, 
is  not  injurious  to  the  liquid.    It  consists  of  a  graduated  tube 
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drawn  out  at  the  end,  on  which  is  slipped  a  «mall  piece  of 
Tulcanized  india-rubber  tubing,  in  the  otner  end  of  which  is  in- 
serted a  very  small  glass  tube  as  a  mouthpiece.  The  india-rub* 
ber  is  confined  by  a  brass  spring,  or  pinchcock,  (Fig.  57.) 

*'  The  advantages  possessedby  this 
instrument,"  observes  Mr.  Sutton 
(*  Handbook  of  Volumetric  Analy- 
sis'), "are  that  its  constant  up- 
right position  enables  the  operator 
at  once  to  read  off  the  number  of 
iig.  67.  degrees  of  test- solution   used  for 

any  analysis.  The  quantity  of  fluid  to  be  delivered  can  be 
regulated  to  the  greatest  nicety  by  the  pressure  of  the  thumb 
and  finger  on  the  spring  clip  or  pinchcock,  and  the  instrument 
not  being  held  in  the  hand,  there  is  no  chance  of  increasing 
the  bulk  of  the  fluid  by  the  heat  of  the  body,  and  thus  lead- 
ing to  incorrect  measurement,  as  is  the  case  with  Binks's  or 
Gay-Lussac's  form  of  instrument." 

Burettes  are  graduated  either  in  accordance  with  the  French 
decimal  system,  or  in  English  grains.  The  great  advantage 
possessed  by  the  former  is  its  uniformity  throughout.  Thus 
the  cubic  centimetre  is  the  exact  measure  of  a  gramme  of 
distilled  water  at  4°  C,  or  39°  F.  The  kilogramme  is  the 
weight  of  a  cube  of  distilled  water  at  the  same  tempera- 
ture, whose  side  measures  one  decimetre ;  it  is  1000  grammes, 
and  occupies  the  volume  of  1  litre,  or  1000  cubic  centimetres. 
The  Binks  burette  should  be  constructed  to  hold  50  cubic  cen- 
timetres, and  of  a  length  of  about  2  feet.  For  the  purpose  of 
preparing  standard  solutions,  it  is  convenient  to  have  cylinders 
of  a  litre  capacity,  accurately  graduated  into  100  parts ;  flasks, 
also  graduated  for  100,  200,  250,  300,  and  600  cubic  centi- 
metres, will  also  be  found  very  convenient.  When  the  Eng- 
lish system  is  used,  the  burette  should  be  constructed  to  hold 
1000  grains,  and  be  divided  into  100  equal  parts,  and  Mr. 
Sutton  proposes  that  one  of  these  divisions,  or  10  fluid  grains, 
should  be  called  a  decern^  a  term  corresponding  to  the  cubic 
centimetre,  bearing  the  same  proportion  to  the  10,000  grain 
measure  as  the  cubic  centimetre  does  to  the  litre,  namely,  the 
one-thousandth  part ;  the  same  term  has  however  been  used 
by  Mr.  Ackland  to  represent  the  tenth  part  of  a  gallon.  An- 
other decimal  system,  constructed  on  the  gallon  measure= 
70,000  grains,  has  been  proposed  by  Mr.  Griffin ;  the  unit  is 
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called  the  teplm,  eqoal  to  7  grtuna,  which  bean  therefore  the 
same  relstioa  to  the  poand^TOOO  graine  &b  the  cubic  centi- 
metre does  to  the  litre,  or  as  Mr.  Sutton's  decern  to  the  10,000 
grains.  In  reading  burettes,  the  lower  part  of  the  curve  formed 
oy  the  surface  of  the  liquor  is  taken  as  the  true  level,  the 
obeerration  of  which  is  iacilitated  by  pasting  a  piece  of  black 
paper  ou  a  card,  so  as  to  eoTer 
one-half  of  it,  and  then  placing 
this  card  behind  the  burette ; 
if  this  be  moved  until  the  line 
of  separation  of  the  two  colours 
is  about  one-sixteenth  of  an  inch 
below  the  bottom  of  the  curve, 
the  division  may  be  easily  read. 

Of  pipettes,  there  are  two 
kinds, — those  which  deliver  one 
certaio  quantity  only ;  and  those 
which  are  graduated  ho  as  to 
measure  small  quantities  of  so- 
lations.  The  delivery  pipettes 
(Fig.  68,  a  nnd  5)  have  marks  on 
their  necks, indicatingthe  amount 
they  contain  when  full.  It  is  con- 
venient to  have  several  of  each  of 
these  pipettea  of  different  capaci- 
ties, from  100  to  10  cubic  centi- 
metres. The  graduated  pipette  e 
is  used,  like  the  burette,  for  mea- 
suring small  quantities  of  solu- 
tions. The  tops  of  all  pipettes 
should  be  circular,  and  narrowed 
slightly,  so  as  to  be  more  easily 
closed  by  the  finger,  which  should 
be  slightly  moistened,  in  order  to 
produce  an  air-tight  dosure.  For 
volumetric  analysis,  the  following 
graduated  insfcrumenta  are  recom- 
mended as  a  useful  set  by  Mr.  Scott  ('  Handbook  of  Volumetric 
Analysis ') : — 

C.C.  c.c. 

One  Gay-Lussac's  burette,  containing  50,  graduated  to  i 
Two  Mobr's  burettes     ,    .  100,  graduated  to  4 

PAET  II.  a 


Fig.  6R. 
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One  Mobr's  burette       .     .  containing  60,  graduated  to  ^ 
One  Mohr's  burette       •    •        „  20,  graduated  to  -^ 

One  graduated  pipette   .     .        „  20,  graduated  to  -}- 

Two  graduated  pipettes, containing  lOc.c, graduated  to^c.c. 
Delivery  pipettes  for  1,  5, 10,  25, 100,  c.  c.  respectively. 
A  mixing  cylinder,  to  contain  1  litre,  graduated  to  10  c.  c. 
Two  flasks,  1  and  f  litre  respectively. 

4.   SBSICCATIOir. 

149.  Before  tbe  (quantitative  analysis  of  anv  substance  can 
be  proceeded  with,  it  is  absolutely  necessary  tnat  its  relations 
tu  water  should  be  accurately  ascertained.  In  some  cases,  it  is 
merely  necessary  to  obtain  the  body  free  from  moisture  pre- 
vious to  weighing  it  for  analysis ;  in  other  cases,  the  amount  of 
water  present  has  to  be  ascertamed.  Bodies  differ  very  much 
in  their  relative  powers  of  absorbing  and  retaining  water,  but 
it  is  necessary  care^lly  to  distinguish  between  the  water  which 
a  substance  may  contain  in  accidental  admixture,  and  that 
which  belongs  to  it  essentially ,  being  a  part  of  its  constitution ; 
in  the  preliminary  operation  of  drying,  this  latter  water  must 
not  be  interfered  with.  There  are  some  salts  which  cannot  be 
exposed  to  a  dry  air  at  common  temperatures  without  losing 
the  whole  of  their  water  of.  crystallization ;  others  lose  a  part 
only,  and  others  again  absorb  water  from  a  moist  atmosphere, 
eventually  running  into  a  liquid.  Sulphate  and  carbonate  of 
soda  are  examples  of  salts  possessing  the  first  property,  viz. 
that  of  efflorescence,  in  a  remarkable  degree.  The  former,  which 
crystallizes  in  six-sided  prisms,  contains  ten  equivalents,  or 
56  per  cent,  of  water ;  by  exposure  to  the  air,  it  loses  the 
whole  of  this  water,  and  falls  into  a  white  powder.  Carbonate 
of  soda,  which  crystallizes  in  flat,  oblique,  rhomboidal  prisms, 
also  contains  ten  atoms  of  water  of  crystallization,  the  whole 
of  which  it  loses  when  exposed  to  the  air,  falling,  like  the  sul- 
phate, into  a  white  powder.  Common  phosphate  of  soda  affords 
an  example  of  a  salt  possessing  the  second  property,  viz.  that 
of  losing  a  part  of  its  water  of  crystallization  only,  when  ex- 
posed to  the  air.  In  its  crystalline  state,  that  of  oblique 
rhombic  prisms,  it  contains  twenty-five  equivalents,  or  about 
62*71  per  cent,  of  water ;  of  these,  it  loses  ten  atoms  by  ex- 
posure to  the  air,  and  fourteen  more  at  the  temperature  of 
boiling  water ;  the  remaining  atom  of  water  must  exist  in  the 
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salt  in  ft  different  state  of  combination  from  the  others,  as  it  is 
only  eipellod  by  a  red-heat,  and  by  its  loss  the  nature  of  the 
salt  is  completely  changed.  Thus,  on  evaporating  tlie  aqueous 
solution  of  the  aalt,  which  has  been  dried  at  212°,  it  is  repro- 
duced in  its  original  state,  vii.  with  twenty-five  equivalents  of 
water  of  crystallization ;  but,  on  evaporating  a  solution  of  the 
aalt  after  it  has  been  ignited,  we  obtain  a  salt  which  contains 
only  tea  equivalents  of  water  of  crystalliEation,  and  which  pro* 
duces,  with  a  neutral  solution  of  nitrate  of  silver,  a  white  pre- 
cipitate, whereas  the  precipitate  formed  by  the  original  salt  is 
j/ellou.  As  an  illustration  of  a  salt  which  gains  water  by  ex- 
posure to  the  atmosphere,  carbonate  of  potataa  may  be  quoted. 
This  salt  may  be  obtained  in  the  form  of  oblique  rhombic  octa- 
hedra,  containing  two  equivalents  of  water-,  out,  by  exposure 
to  a  moist  atmosphere,  it  speedily  loses  its  crystalline  form, 
and  becomes  liquid.  Chloride  ofcaleium  is  also  a  salt  eminentlv 
remarhable  for  its  power  of  absorbing  water,  a  property  which 
renders  it  very  valuable  for  drying  gases  for  experimental  pur- 
poses, and  for  removing  water  from  liquids,  as  in  the  rectifica- 
tion of  alcohol. 

The  preparation  of  efflorescent  and  deliquescent  crystals  in  a 
state  fit  for  analysis  is  rather  difficult;  it  is  obviously  inadmis- 
sible to  expose  them  to  the  air;  they  must,  therefore,  be  de- 


prli^  of  their  water  of  admixture  by  pressing  them  in  a  finely 
puhrcorized  state  between  folds  of  bibulous  paper  until  there  arv 
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no  longer  tigaa  of  moisture  on  the  latter.  There  are  muij' 
BubBtonces,  particululy  organic,  which,  though  they  do  not  lose 
their  vater  of  admixture  in  a  dry  atmosphere  at  common  tem- 
peraturea,  casoot  neTertbeleas  be  exposed  to  the  temperature 
of  212°  without  undei^iog  deconi position,  The  exsiccation 
of  these  subataucea  ie  eSectoally  accomplished  by  placing  them 
in  oouTcnieut  veaaels  imdemeath  the  receiver  of  an  air-pump, 
in  close  proximity  to  some  aubstance  having  a  powerful  affi- 
nity for  moisture,  and  exhauating  the  air.  '  Fig.  59  shows  the 
arrangement;  the  peceiTer,  the  edge  of  which,  ground  and 
greased,  atanda  on  the  plate  of  the  air-pump ;  the  aubatanoe 
to  be  dried  ia  placed  in  a  watch-glaaa  or  a  shallow  evaporating 
dish,  aupported  aver  s  shallow  baain  containiag  concentrated 
Bulphuric  acid.  On  exhausting  the  air,  a  liberation  of  aqueous 
vapour  takes  place  from  the  substance  to  be  dried,  which  ia  ra- 
pidly condensed  upon  coming  into  contact  with  the  sulphuric 
acid,  and  its  place  aupplied  by  A«sh  moisture  from  the  Bub- 
Btance,  which  iB  in  ita  turn  condensed  as  before,  and  thus  the 
process  goes  on,  the  aqueous  vapour  travelling  from  the  sub* 
stance  to  the  acid  till  it  is  completely  dried.  The  desiccation 
of  these  aubstancea  may  likewise  be  effected  without  the  em- 
ployment of  the  air-pump.  Thus,  the  body  may  be  auapended 
m  a  watch-glass  from  a  small  support  over  the  surface  of  sul- 
phuric acid  contained  in  a  beaker,  as  shown  in  Fig.  60 ;  the 
edge  of  the  beaker  ia  grouud  so 
tliat  it  may  be  closed  accurately  by 
n  ground  glass  plate  b,  in  the  centre 
of  which  there  is  a  hole,  through 
which  the  cork  c  is  inserted,  and 
from  which  the  support  hangs, 
bearing  the  Bubstunce  to  be  dried 
in  the  watch-glaaa  d,  immediately 
over  the  surface  of  the  sulphuric 
_,  acid.  Another  method  which  may 
gj  be  adopted,  ia  to  place  the  acid 
and  the  aubatance  to  be  dried  on  a 
_    ^__  ground-glass  plate  of  sufficient  aire, 

and  smeared  with  grease ;  the  whole 
Kg.  60.  jg  covered  with  a  well-ground  re- 

ceiver, and  then,  by  raising  the  latter  and  introducing  for  a 
moment  the  flame  of  a  spirit-lamp,  and  auddenly  replacing  the 
■,  an  imperfect  exhaustion  is  obtained,  by  which  the 
"  a  is  considerably  facilitated. 
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■  Substdncefl  wTiich  will  bear  lb«  heat  of  boiling  vater  mav  be 
dried  in  the  vateroven,  b,  Fig.  61.   ItconBist  of  a  copper  ^oi. 


about  6  iDohea  square,  provided  with  a  water-tight  jacket  or 
coating,  the  edges  being  soldered  with  brass ;  it  is  furnished 
with  a  door  iu  which  is  cut  a  amali  ventilating  aperture,  which 
can  be  opened  or  closed  at  pleasure  by  meKns  of  a  handle;  one 
of  the  cnimnejs  on  tbe  top  of  the  box  cotninuDicfltes  with  tbe 
ja<iet,  through  this  the  charge  of  water  ia  given  to  tbe  ap- 
paratus, it  aervea  also  for  the  introduction  of  a  thermometer  to 
enable  tbe  operator  to  regulate  the  temperature  of  tbe  bath ; 
tbe  other  chimnejr  communicates  with  the  interior  chamber,  in 
which  the  substance  to  be  dried  is  placed  on  a  watch-glass,  the 
edge  of  which  is  ground  so 
tbaii  it  can  be  covered  air- 
tight with  another  similar 
wstcb-^aas  held  tightly  up- 
on it  during  the  operation 
of  weighing,  by  a  clasp,  as 
diowu  in  Fig.  62 ;  by  this 
arrangement  acurreut  of  air 
is  determined  through  tbe  cbamber,  which  greatly  expedites 
the  drying  of  tbe  substance.  If  a  higher  temperature  than 
boiling  water  be  required,  tbe  bath  may  be  filled  with  a  fixed 
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oil,  sucti  as  olive  oil,  the  temperature  being  regulated  by  the 
thermometer.  The  student  must  be  particdar  not  to  take  the 
weight  before  the  glasses  have  got  cold.  The  water-bath,  a. 
Fig.  61,  is  an  apparatus  indispensable  in  the  chemical  labo- 
ratory, it  serves  to  complete  the  desiccation  of  large  quantities 
of  liquid  at  an  unvarying  temperature,  it  is  likewise  exceedingly 
useful  for  digestions,  concentrations,  and  numerous  other  ope- 
rations iu  which  the  heat  of  boiling  water  is  required. 

Substances  which  will  bear  a  tolerably  high  temperature  with- 
ont  decomposition  may  be  dried  in 
the  air-bath,  Fig.  63  represents 
the  arrangement  known  as  Ram- 
melsfaerg's  air-bath ;  it  consists  of  a 
small  cylindrical  boi  of  stout  cop- 
per, provided  with  a  stage  about 
midway  between  the  cover  and  the 
bottom  for  supporting  the  platinnm 
crucible  or  dish  containing  the  sub- 
stance to  be  dried;  tbe  cover  is 
provided  with  two  apertures,  one 
18  left  open  to  serve  as  a  chimney 
for  the  escape  of  tbe  vapour,  the' 
other  is  closed  with  a  cork,  through 
which  a  thermometer  passes  to 
govern  the  temperature  ;  the  bath- 
is  heated  over  a  small  spirit  «■  gas 
lamp  on  the  ring  of  the  retort 
stand,  and  by  a  judicious  manage- 
ment of  the  flame  the  temperature 
may  be  kept  for  any  length  of  time 
perfectly  uniform. 

Fig.  64  represents  Taylor's  air- 
bath,  and  is  a  much  more  conve- 
nient apparatus  than  the  one  just 
described.  It  consists  of  a  (p-lin- 
drical  box  of  copper  or  japanned  tinned  iron,  provided  with  a 
jacket  or  double  casing,  and  a  false  bottom  pierced  with  holes 
for  the  more  equable  diffusion  of  air  through  the  interior.  It 
ia  provided  with  a  thermometer  for  reflating  the  temperature, 
and  the  great  advantage  which  it  possessed  over  Bammds- 
berg's  bath,  besides  its  size,  consists  in  ita  being  furnished  with 
a  t^l  chimney,  the  effect  of  which  is  to  determine  a  powerful' 


Fig.  63. 
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current  of  air  throoKli  the  chamber,  thereby  greatly  iucreaalog 
the  rapidity  of  the  deaiccation.  If 
deemed  necessary,  the  cover  of  the 
box  beiog  closed,  a  tube  of  chloride 
of  calcium  may  be  adapted  to  the 
aperture  seen  at  the  bottom  of  the 
back  of  thebox,  and  thuB  a  current 
of  dry  ur  swept  through  the  appa- 
ratus. The  substances  to  be  ^ed 
are  placed  in  dishes  or  watch-glasses 
on  a  tr^B-worh  of  iron  or  copper 
wire,  supported  about  an  inch 
^ve  the  talse  bottom. 

Fig.  65  represents  an  arrange- 
ment for  drying  substances  in  a 
current  of  dry  air  produced  by  the    | 
efflux  of  water.    Por  this  purpose 
a  known  weight  of  the  suDstauce 
is  iutrodncea  into  the  small  bent- 
glass  tube  which  has  also  been 
weighed,  the  body  of  this  tube 
is  plunged  into  a  copper  water- 
bath  (,  charged  with  a  saturated 
solution  of  common  salt ;  it  is  kept    . 
in  its  place  by  a  co?er  furnished  J  ^i' 
with  two  apertuies  for  the  arms  of  'm^ 
the  dmug  tube ;  the  wider  arm  is  ^'  ^ 

muted,  by  means  of  a  bent  tube  aud  a  caoutchouc  connector  con- 
taining fragments  of  chloride  o£  calcium,  with  a  tube,  and  the 
other  end  is  connected  with  another  chloride  of  calcium  tube, 
beat  at  right  angles  so  as  to  pass  through  the  cork  of  the  aspi- 
rator A,  and  reaefa  down  nearly  to  the  bottom.  The  corks  must 
&t  the  bottle  perfectly  air-tight,  and  all  the  joints  and  con- 
Dections  of  the  whole  appsratue  must  be  perfect.  The  bottle 
A  is  filled  with  watw,  and  on  exhausting  the  siphon  it  flows 
out  in  a  unall  stream,  which  may  be  regulated  by  the  cock  «, 
its  place  being  supplied  by  the  air  drawn  through  c,  and  which 
beoomes  dried  durmg  its  passage  through  the  chloride  of* cal- 
cium tube.  The  bath  is  charged  with  water,  a  saturated  solu- 
tion of  common  salt,  or  of  chloride  of  calciam,  according  to  the 
degree  of  heat  required,  and  it  is  kept  boiliag  by  means  of  a 
•pint  or  gas  lamp  placed  underneath. 
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Fig.  66  slowB  the  arrangement  for  drying  at  any  required 


temperatnre  in  vacuo.  The  aubatance  lutder  exainiDatioa  is 
introduced  into  a  glass  tube  e,  which  passes  through  a 
copper  collar  into  the  Bammelsberg  air-bath/;  this  tube  is 
closed  air-tight  vith  a  good  sound  cork,  into  which  a  bent 
glass  tube  is  inserted,  establishing  a  communication  with  the 
chloride  of  calcium  tube  d,  and  finallr  with  the  exiiauating 
syringe  b.    By  raising  and  depressing  the  piston  a  few  times,  a 


Kg.  68. 
tolerable  vacuum  is  produced  in  the  tube,  and  by  means  of  the 
stopcocks  a  and  e,  air  may  be  admitted  &om  time  to  time, ' 
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which  becomes  deprired  ot  all  moiatnre  previous  to  enteriag 
tte  tube  containing  the  substance,  b;  paasmg  oTcr  the  chloride 
of  calcium  tube  d. 

Id  some  cases  it  may  be  desirable  to  exclude  atmospheric  air 
alto^ther  &om  contact  with  the  substance ;  in  such  cases  car- 
bonic acid  or  hydrogen  may  be  introduced  into  the  tube  e  by 
conaectin^  the  stopcock  a  with  a  proper  gasometer  filled  with 
the  gas  required.  An  apparatus  contrived  by  Boehleder  for 
this  purpoM  is  shown  in  Pig.  67.    Ilie  U-shaped  chloride  of 


calcium  tube  on  the  right  of  the  figure  is  connected  by  means 
of  an  india-rubber  tube  with  a  caoutchouc  bag  or  bladder 
containine  carbonic  acid  ;  the  substance  to  be  dried,  contained 
in  the  wide  glass  tube,  is  placed  in  a  fiaak  immersed  iu  an  oil- 
bath,  the  temperature  of  which  is  regulated  by  a  thermometer. 
The  U-shaped  chloride  of  calcium  tube  on  the  left  of  the  figure 
is  connected  with  an  air-pump,  and  the  cock  being  closed,  the 
air  in  the  fiask  is  rarefied  by  a  few  strokes  of  the  piston;  the 
cock  of  the  air~pump  is  then  closed,  and  the  cock  communicating 
with  the  gas  opened,  upon  which  dry  carbonic  gas  enters  the 
fiaak.  The  operation  is  repeated  two  or  three  times,  till  the  awK- 
ratus  is  completely  filled  with  dry  carbonic  acid.  The  oU-bath 
being  now  raised  to  the  requisite  temperature,  the  fiask  is  ex- 
hauated  bv  the  air-rmmp,  fi^sh  carbonic  acid  being  from  time 
to  time  admitted.     The  operation  lasts  about  an  hour, 

la  eubstaoceB  which  wUl  bear  a  red-heat  without  decompo- 
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fiition,  the  amount  of  water  may  be  determined  by  beating 
them  in  a  combustion  tube  with  perfectly  dry  carbonate  of  lead, 
and  collecting  the  water  expelled  in  a  properly  arranged  chlo- 
ride of  calcium  tube.  The  details  of  the  operation  will  be  un- 
derstood when  the  methods  of  conducting  organic  analyses  are 
described. 

For  the  methods  of  conducting  various  other  operations  of 
quantitatiye  analysis,  such  as  solution,  precipitation,  collect' 
tng  4tnd  washing  precipitates,  evaporation,  distillation,  etc.,  tho^ 
itudent  is  referred  to  Chapter  I. 
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CHAPTEE  VIIL 

ON  THE   QUANTITATIVB  ESTIMATION  OF  SUBSTANCBB 
AND  THEIB  SEPABATION  FBOM  EACH  OTHEB. 

150.  The  following  Table  exhibits  the  tiames^  symboU^  and 
chemical  equivalents^  qt  combining  proportions  by  weight,  of 
the  elements,  according  to  the  latest  authorities.  (The  names  of 
rare  substances  are  printed  in  italics.) 


^ 


t 

1 

AI 
8b 
Ab 

Ba 

Bi 

B 

Br 

Cd 

Oi 

C 

Ce 

CI 

Cr 

Co 

Cb 

Cu 

D 

E 

P 

Gt 

Au 

H 

n 
I 


Kicskdnta 


BqnlTft- 

Jent 
Number' 


Aluminum  .  .  •  « 
Antimony  (Stibium) 
Anenio 

Barium  .  .  .  .  * 
Bismuth  •  .  .  . 
Boron  .  •  •  .  • 
Bromine  •  .  .  . 
Cadmium    .    .    .    . 

Calcium 

Carbon  .  .  .  .  . 
Cerium  .  •  .  .  . 
Chlorine.  .  .  .  . 
Chromium  .    .    .    . 

Cobalt 

Cttnum 

Copper  (Cuprum)  • 
Didffmium  .     .    .    • 

Erbktm 

Fluorine  •  .  «  • 
Gluoinum  .  •  .  . 
Gk>ld  (Aurum)  .  • 
Hydrogen  .  .  .  • 
Ilmenium  .  .  •  . 
Iodine    •    •    .    •    • 


18-75 
122-0 
750 

68-6 

2100 

10.9 

80-0 

660 

20H) 

60 

460 

85-5 

26-27 

29-5 

1380 

81-76 

48-0 

190 
4-66 
196*66 
10 

1270 


Pxindpal 
Oompoimd«  with  Oxygfin, 


AJjOg,  Ahimina. 

SbOj,  Sb04,  SbO, 

AsOs,  AbO^  :  arseniouB  add,  arBoni^ 

acid 
BaO,  BaO, 
BiOj 

BO.:  boradoaoid 
BrO, 
CdO 
CaO 
CO,  CO, 

ao,*ao„  aOj,  eiOj 

Cr,Oa 
CoO 
CsO 

Cu-0,  CuO 
DO 


ao 

AuO, 
HO,HO, 


10^  lOy 
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1 

Ir 
Fe 
La 

Pb 
Li 

Mg 
Mn 

5"^ 

Wi 
Nb 

Ob 
O 

Pd 
P 
Pfc 
K 

Bo 
Bu 
Bb 
Se 
Si 

Ag 
Na 
Sr 
Ta 
Te 
Tb 
Tl 
Th 
Sn 
Ti 
W 

u 

V 
T 

Zn 
Zr 


Element. 


Iridium  ...... 

Iron  (Ferrum).    .    .    . 

LafUaniwm 

Lead  (Plumbum).    .    . 

LUkiwm 

Magnesium 

Manganese 

Mercury  (Hydrargyrum) 
MoUfbdenMM    .    .     .    . 

Nickel 

yiobivm 

Nitrogen 

Offfuirm 

Oxygen 

Palladmrn 

PhoBphoruB     •     .    .     . 

Platinum 

Potassium  (Ealinm) .    . 

Shodium 

SutheiUmm 

Rubidium 

Selenium 

Silicon 

Silver  (Argentum)     .    . 
Sodium  (Natrium)    .     . 

Strontium 

Tantalum  or  Columbium 

Tellurium 

Terbium 

ThalUum 

T^rinum 

Tin  (Stannum)     .    .    . 

Titamum 

Tungsten  (Wolfram).    . 

Uranium 

Vanadium  •    .    •    •    . 

Yttrium 

Zinc 

Zirconium  .    .    .    .    . 


EqaiT» 

lent 

Number. 

H=l. 


98-56 

280 

46-0 

103-5 
70 
1216 
27-6 

1000 
48-0 
29-5 
4S-8 
140 
99-5 
80 
68-24 
810 
98-56 
390 
62-16 
6211 
85-86 
89-76 
14-0 

108-0 
230 
43-76 
68-80 
64-60 
? 

202-96 
596 
69-0 
250 
92-0 
600 
68-6 
320 
82-75 
44-75 


Principal 
Compounds  with  Ozjgen. 


IrjOs 

FeO,  FejOj,  FeO, 

LaO 

PbO,  PbO, 

LiO 

MgO 

MnO,  MujOj,  MnO„  3inOj,  MnO, 

HgjO,  HgO. 

MO,MO„MO. 

NiO 

NbO, 

NO,NO^N05,N04,NOj 

OsO,  ObjOj,  OsO^  ObO,,  OsOj 

HO 

PdjO,  PdO,  PdO, 

P,0,  PO,  P0»  PO, 

PtO,  PtO, 

KO,  KOj 

B«0,  Bo,0, 

EuO,  BU3O,,  BuO,,  BuO, 

SeO,,  SeO. 

SiOs 

Ag,0,  AgO,  AgO, 

NaO 

SrO 

TaO, 

TeO„  TeO, 

TbO 

TIO 

ThO 

SnO,  SnO, 

TiO,Tib, 

WOj,  WO, 

UO,  UjO, 

VO,  VO^  VOj 

YO 

ZnO 

ZrO, 


In  describing  the  methods  to  be  pursued  for  bringing  the 
several  substances  mentioned  in  the  above  Table  into  a  state 
fit  for  estimation,  and  for  separating  them  quantitatively  from 
other  substances,  we  shall  follow,  as  nearly  as  possible,  the 
same  arrangements  which  we  adopted  in  treating  of  the  com- 
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portment  of  sabstances  with  reagents,  viz.  arrange  them  into  a 
series  of  groups.  With  respect  io  the  bases  there  will  be  no 
difficulty  in  following  out  this  method :  in  treating  of  the  acids, 
a  yariation  may  probably  ^pear  desirable. 

I.  BASES. 

GBOUP    !• 

The  Metala  of  the  Alkalies  projper:  Potassium,  Sodium, 

Ammonium^  Lithium. 

151.  Potassium. 

This  metal  is  quantitatively  estimated  as  sulphate,  as  chloride, 
as  nitrate,  and  as  double  chloride  of  platinum  tknd  potassium. 

Quantitative  determination  as  Sulphate, — Potassium  is  in 
general  estimated  in  the  form  of  this  salt  when  no  other  bases 
are  present ;  the  solution  containing  it  must  be  carefully  eva- 
porated to  dryness,  and  the  residue  dried  for  some  time  before 
it  is  transferred  to  a  platinum  crucible  to  be  ignited ;  this  pre* 
caution  is  necessary,  to  guard  against  a  loss  from  decrepitation. 
It  fuses  at  a  strong  red-heat,  and  at  a  very  high  temperature 
it  volatilizes.    Its  composition  is — 

One  equivalent  of  KO  .     .     .    47     .     .    5402 
One  equivalent  of  SOg  .     .     •    40    .     .    4598 

Oneequivalent  of  K0,S03    .    87    .     .10000 

If  the  solution  contain  excess  of  sulphuric  acid,  the  hydrated 
hisulphate  is  obtained  by  evaporation ;  this  salt  must  be  reduced 
to  the  neutral  sulphate,  which  is  done  by  igniting  it  in  a  plati- 
num crucible  containing  a  fragment  of  carbonate  of  ammonia, 
and  loosely  shut  with  its  cover,  the  excess  of  sulphuric  acid  flies 
off  in  an  atmosphere  of  carbonate  of  ammonia ;  a  gentle  igni- 
tion must  be  continued  till  the  salt  assumes  the  solid  state,  the 
neutral  sulphate  being  far  less  fusible  than  the  acid  sulphate. 

Quantitative  estimation  as  Nitrate. — When  the  alkali  exists 
in  a  solution  in  the  form  of  nitrate  it  may  be  weighed  as  such ; 
it  should  not  be  fused,  as  it  is  thereby  partially  decomposed. 
It  is  anhydrous.    Its  composition  is — 

One  equivalent  of  KO  .    .    .    47    .    .    46-64 
One  equivalent  of  NO5 .     .     .  _64    .     .    53-46 

One  equivalent  of  K0,N05  .  101     .    .  10000 


^68  qUANTITATIVE   ANALYSIS. 

Quantitative  estimation  as  Ohhride, — Potassium  may  likewise 
be  weighed  in  the  form  of  this  salt,  when  it  exists  as  such,  in  a 
solution.  It  should  not  be  heated  above  feeble  redness,  and 
the  crucible  should  be  loosely  covered,  or  a  loss  may  be  sua* 
tained.     Its  composition  is — 

One  equivalent  of  K  ...     39       .     .    62-35 
One  equivalent  of  CI .     .    .     35  5     .    .     47'65 

One  equivalent  of  KCl   .     .     74.-5  10000 

Quantitatitfe  estimation  as  doMe  Chloride  qfJPlatinum  and 
jPotassium. — For  this  purpose  the  alkali  must  be  in  the  state 
of  chloride,  the  solution  is  evaporated  to  a  small  bulk,  and  excess 
of  bichloride  of  platinum  and  free  hydrochloric  acid  added ;  the 
mixture  is  then  evaporated  to  dryness  on  the  water  bath,  and 
the  crystalline  residue  digested  with  spirits  of  wine,  which  re- 
moves the  excess  of  bichloride;  it  is  then  transferred  to  a 
weighed  filter,  washed  with  spirits  of  wine  and  dried  at  212^, 
It  composition  is — 

One  equivalent  of  K      .    39         .     1600  =  19-262  KO 
One  equivalent  of  Pt     .     9850     .     4037 
Three  equivalents  of  CI .  1065       .    4363 

Oneequiv.  KCl,PtCl2  .  244O0       10000 

If  the  operator  be  certain  that  no  other  base  but  potassa  is 
present,  and  that  it  exists  in  the  solution  in  the  state  of  neutral 
sulphate,  or  as  chloride  of  potassium,  it  may  then  be  deter- 
mined in  an  indirect  manner,  by  estimating  the  sulphuric  acid 
as  sulphate  of  baryta,  or  the  chlorine  as  chloride  of  silver,  and 
calculating  the  amount  of  alkali  present  from  the  quantity  of 
sulphuric  acid,  or  of  chlorine,  thus  obtained. 

162.   SODITIM. 

This  metal  is  quantitatively  determined  as  sulphate^  as  carbo- 
nate ^  and  as  chloride. 

Quantitative  estimation  as  Sulphate. — The  same  method  is 
followed  as  with  sulphate  of  potassa.  It  does  not  decrepitate. 
Its  composition  is — 

Oneequivalent  of  NaO  .     .     310    .     .     4366 
One  equivalent  of  8 Og    .     .     400     .     .     66*34 

Oneeqvivalentof NaO,S08   7To    .     .  100^ 

Quantitative  estimation  as  Chloride, — ^The  salt  must  be  well 
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dried  before  it  is  ignited,  to  prevent  decrepitation ;  the  crucible 
should  be  loosely  covered.    Its  composition  is — 

One  equivalent  of  Na    .    280    .     8931  =  5299  NaO 
One  equivalent  of  01     .     86;5     .     6069 

One  equivalent  of  Na 01     58-5       10000 

Q^antitative  estimation  as  Carbonate, — As  carbonate  of  soda 
does  not  attract  moisture  from  the  air  so  rapidly  as  the  corre- 
sponding potassa  salt,  sodium  may  be  weighea  as  such.  It  may 
be  fused  without  volatilization  or  decomposition.  Its  composi- 
tion is 

Oneequivalent  of  NaO  .     .    31-0    .     .     68*49 
One  equivalent  of  COj    .     .     220    .    .     41-51 

530  10000 

153.  Separation  of  Soda  from  Potassa. — The  mixed  alkalies 
are  converted  into  chlorides ;  in  most  cases  this  may  be  done 
by  simply  dis^esting  and  evaporating  with  hydrochloric  acid ; 
i^  however,  the  alkalies  are  combined  with  sulphuric  acid,  that 
acid  must  first  be  precipitated  by  chloride  of  oarium,  and  the 
excess  of  baryta  removed  by  carbonate  of  ammonia  mixed  with 
a  little  caustic  ammonia ;  the  solution  is  filtered,  and  the  filtrate 
is  evaporated  to  dryness,  and  ignited,  the  residue  is  redissolved 
in  hydrochloric  acid,  and  the  fdkalies  are  thus  brought  to  the 
state  of  chlorides. 

If  the  alkalies  are  combined  with  phosphoric  acid,  the  solu- 
tion is  evaporated  to  dryness,  ignited,  redissolved  in  water,  and 
precipitated  by  neutral  nitrate  ^silver;  the  fluid  is  filtered  from 
the  precipitated  phosphate  of  silver,  and  the  excess  of  nitrate 
of  silver  is  removed  bj  hydrochloric  acid. 

If  the  alkalies  are  m  combination  with  horacie  acid,  the  best 
method  of  separating  them  is  by  decomposing  the  boracic  acid 
into  gaseous  fluoride  of  boron ;  for  this  purpose  the  dry  com- 
pound is  digested  in  a  platinum  crucible  with  3  or  4  parts  of 
pure  powdered  fluor-spar  and  concentrated  sulphuric  acid,  and 
the  heat  is  continued  as  long  as  fumes  continue  to  be  evolved, 
the  alkalies  are  thus  converted  into  sulphates,  which  are  changed 
into  chlorides  as  above  directed. 

The  mixed  alkaline  chlorides,  being  carefully  weighed,  are 
dissolved  in  a  small  quantity  of  water  and  mixed  with  excess 
of  an  aqueous  solution  of  bichloride  of  platinum,  the  solution 
is  evaporated  to  dryness  on  the  water-bath,  and  the  dry  mass 
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is  treated  with  a  mixture  of  ether  and  spirits  of  wine ;  the  po- 
tassium is  estimated  as  above  desoribed ;  the  spirits  of  wine 
poured  on  the  evaporated  residue  must  acquire  a  yellow  colour, 
if  it  does  not,  it  is  a  proof  that  sufficient  bichloride  of  platinum 
has  not  been  added,  and  the  experiment  must  be  repeated  with 
a  fresh  portion.  Berzelius  recommends  to  mix  the  dry  chlorides 
with  3f  times  their  weight  of  the  crystallized  double  chloride 
of  platinum  and  sodium,  a  quantity  just  sufficient  to  convert 
the  whole  mass  into  double  chloride  of  platinum  and  potassium, 
supposing  it  to  consist  entirely  of  chloride  of  potassium  ;  the 
process  is  conducted  precisely  as  before.  The  soda  is  either 
calculated  from  the  difference  between  the  quantity  of  chloride 
of  potassium  found,  and  the  original  weight  of  the  mixture 
analysed,  or  in  a  direct  manner,  as  follows : — ^the  filtrate  from 
the  double  potassium  salt  is  mixed  with  solution  of  sal  ammoniao 
in  excess,  and  strong  alcohol  addeJ;  all  the  platinum  salt  is 
thus  removed,  and  the  colourless  filtrate  being  evaporated  to 
dryness,  the  residue  is  gently  ignited  and  weighed  as  chloride 
of  sodium, 

Mawmen^s  method, — For  industrial  operations,  an  approxi- 
mate result  may,  according  to  Mattmen^,  be  attained  by  adding 
to  the  mixture  of  the  new  alkalies  a  salt  of  alumina,  and  cal- 
culating the  amount  of  potash  from  the  weight  of  the  alum 
formed. 

Fagenstecher's  method  of  estimating  the  amount  of  Soda  in 
.  crude  JPotash,  (Chem.  Gaz.,  January,  1848.)  This  is  founded  on 
the  property  possessed  by  a  saturated  solution  of  sulphate  of 
potassa  of  still  dissolving  a  large  amount  of  sulphate  of  soda. 
A  certain  weight  of  the  pample  to  be  examined  is  mixed  with 
watei;,  and  sulphuric  acid  added  to  it  until  the  liquid  has  an 
acid  reaction  ;  it  is  then  evaporated  to  dryness,  and  the  residue 
ignited  and  weighed.  The  powdered  saline  mass  is  well  agi- 
tated in  a  graduated  cylinder  with  six  times  its  weight  of  a 
concentrated  solution  of  sulphate  of  potassa,  the  liquid  drawn 
off  the  sediment  with  a  siphon,  and  the  same  quantity  of  the 
solution  of  the  sulphate  of  potassa  again  poured  over  the  re- 
sidue. After  some  time  the  residue  is  brought  upon  a  weighed 
filter,  the  funnel  covered  during  filtration,  the  filter,  when  the 
liquid  has  drained  off,  weighed  moist,  and  again,  after  being 
dried  at  212°,  the  difference  is  the  evaporated  water  of  the  so- 
lution of  sulphate  of  potassa,  the  degree  of  concentration  of 
which  is  known.     It  is  known,  therefore,  how  much  of  the 


SODIUM   FROM   POTASSIUM.  261 

salt  was  dissolved  in  the  evaporated  water;  this  quantity  is 
subtracted  from  the  weight  of  the  saline  residue.  If  the 
potassa  were  free  from  soda,  the  weight  of  the  sulphate  of 
potassa  now  remaining  must  be  the  same  as  that  first  obtained ; 
but  if  it  contained  soda,  this  has  been  removed  as  sulphate  of 
soda,  and  the  weight  of  the  first  saline  residue  has  been  re- 
duced. From  the  loss,  the  amount  of  the  soda  present  can  be 
calculated ;  if  the  loss  =  Y,  the  amount  of  the  soda  is  calcu- 
lated thus : — 

Eq.  of  Na  0 ,80,.       Eq.  of  Na  O,  COj. 

71  :  63  ::         V         :         a? 

s  =  amount  of  carbonate  of  soda  present  in  the  specimen. 

It  should,  however,  be  observed  that  when  soda  is  used  to 
adulterate  potassa,  a  kind  is  employed  that  contains  about  20 
per  cent,  oi  sulphate  of  soda.  Before  making  the  weighings, 
it  is  well  to  take  the  specific  gravity  of  the  filtered  solution 
of  the  sulphate  of  potassa;  if  it  be  the  same  as  before  it  can 
have  removed  nothing,  and  if  it  has  taken  up  sulphate  of  soda 
its  density  has  naturally  been  raised. 

Indirect  separation  of  Fotassa  from  Soda. — This  method  is 
founded  on  the  difierence  which  exists  between  the  combining 
numbers  of  potassium  and  sodium,  and  is  applicable  to  both 
sulphates  and  chlorides.  It  is  deduced  from  the  following  con- 
siderations : — Suppose  the  alkalies  to  be  in  a  state  of  sulphates, 
and  100  grains  of  the  mixture  to  have  yielded  153  grains  of 
sulphate  of  baryta=52'6  grains  of  sulphuric  acid.  Let  the 
quantity  of  sulphate  of  potassa  present  be  called  A,  and  that  of 
sulphate  of  soda  B  :  then  A  +  B=100,  or  100— B= A.  That 
is,  the  proportion  of  sulphate  of  potassa  in  the  mixture,  is  the 
weight  of  the  mixture  analysed  minus  the  proportion  of  sul- 
phate of  soda. 

Now  one  part  of  sulphate  of 
potassa  contains '4598  sulphuric  acid. 

And  one  part  of  sulphate  of 

soda  contains *5634      ditto. 

The  52*6  grains  of  sulphuric  acid  found  in  the  mixture 
must  therefore  be  (A  x  4598)  -h  B  x  '6634 ;  that  is,  the  number 
of  units  present  of  sulphate  of  potassa  multiplied  bv  the  quan- 
tity of  sulphuric  acid  in  one  unit,  added  to  the  number  of  units 
present  of  sulphate  of  soda  multiplied  by  the  quantity  of  sul- 
phuric acid  in  one  unit : — 

PABT  II.  T 
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(A  X  -4698)  +  (B  X  -5634) =62-6 

.,     .       52-6- (Bx -5634) 
consequently  A  = '—^ ; 

but  A  has  been  shown  above  to  be=l(X)— B;  substituting 
this  value,  therefore,  for  A,  we  have — 

100-B  =.  ^2'^— Bx'5634 

•4598 
or,  100  X  -4598-  (B  x  -4698)  =  62-6-.  (B  x  -6634) 
or,  46-98- (B  x  -4598)  =  62*6-  (B  x  -5634) 

and,  putting'the  two  B's  on  the  same  side  of  the  equation,  we 
have  (B  x  -5634)  -  (B  x  -4598)  =  52-6-45-98 

or,B=-i2:^-45;??=J:??=63-9 
'        •5634-4598      1036 

The  mixture  contains,  therefore,  63*9  per  cent,  of  sulphate 
of  soda,  and  36*1  per  cent,  of  sulphate  of  potassa. 

Suppose  the  alkalies  to  be  in  the  state  of  chlorides,  and  133 
grains  of  the  mixture  to  have  given  287  grains  of  chloride  of 
of  silver =71  grains  of  chlorine ; 

Then  let  the  quantity  of  chloride  of  potassium  be  .     .    A 

And  that  of  chloride  of  sodium B 

then  A  +  B  =  133 ;  and  A  =  133— B. 

Now  one  part  of  chloride  of  potassium 
contains *4765  chlorine 

And  one  part  of  chloride  of  sodium  contains    '6069    ditto. 
Therefore,  as  before,  71  =  ( A  x  4765)  +  (B  x  -6069), 

,,     .       71  -  (B  X  -6069) 

consequently  A  = ^  ^^ < 

^         ^  -4765 

or.l33-B  =  ^l-<?x«069) 
'  -4765  ' 

or,  133  X  -4765-  (B  x  -4766)  =  71-  (B  x  6069) ; 

or,  63-38  -  (B  x  -4766)  =  71  -  (B  x  -6069); 

and  (B  x  -6069)- (B  x  4765)  =  71  - 6338 ; 

therefore  B=  J.^^^.g^^  =5843. 

•6069  —  -4765     '1304 

The  mixture  is  therefore  composed  of  58-43  grains  of  chlo- 
ride of  sodium,  and  74*57  grains  of  chloride  of  potassium. 
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From  the  above  calculations  the  following  rule  for  the  in- 
direct determination  of  soda  and  potassa,  when  together  present 
in  a  mixture,  in  a  state  of  sulphates,  is  derived  :— 

From  the  quantity  of  sulphuric  acid  mibtract  the  product 
obtained  by  multiplying  the  weight  of  the  mixture  into  the  quait" 
tity  of  sulphuric  acid  in  a  unit  of  sulphate  of  potassa,  and  divide 
the  remainder  by  the  difference  between  the  quantity  of  sulphuric 
acid  in  a  unit  of  sulphate  of  soda,  and  the  quantity  in  a  unit  of 
sulphate  of  potassa;  the  quotient  is  the  quamtity  of  sulphate  of 
soda  in  the  mixture. 

Example. — In  100  grains  of  a  mixture  of  the  two  sulphates, 
50  grains  of  sulphuric  acid  are  found. 

50— (100  X  -4598)  _  50-45-98  _   4-02  _  ^     _ 
•5634- -4598  -1036      ""•1036      ^^'^ - 

the  sulphate  of  soda ;  consequently, 

100-38-8=:61'2  =  the  sulphate  of  potassa. 

The  same  rule  applies  to  the  determination  of  the  alkaline 
chlorides,  substituting  chlorine  for  sulphuric  acid ;  the  results 
are  tolerably  accurate,  but  the  determinations  of  sulphuric 
acid  and  chlorine  must  be  made  with  the  greatest  care. 

154.  Alkalimetry. — ^The  commercial  value  of  the  several  varie- 
ties of  potassa  ana  soda  depends  on  the  amount  of  carbonated 
or  caustic  alkali  which  they  contain ;  it  is  important  therefore 
to  the  purchaser  of  these  articles,  to  be  in  possession  of  a  simple 
and  expeditious  method  of  determining  with  tolerable  accuracy 
the  amount  of  available  alkali  in  the  crude  salt ;  a  complete 
chemical  analysis  of  such  a  heterogeneous  mixture  requiring 
great  skill  and  time.  Two  methods  are  adopted  for  this  pur- 
pose :  the^«^,  that  of  Gay-Lussac,  depends  on  the  constant  sa- 
turating power  of  sulphuric  acid  of  a  certain  determinate 
strength,  being  founded  in  common  with  every  other  process 
involving  chemical  combination  or  decomposition,  on  the  law  of 
definite  proportions ;  the  second,  that  of  Fresenius  and  Will,  de- 
pends on  the  determination  of  the  amount  of  carbonic  acid 
evolved  from  a  given  weight  of  the  salt  during  its  decomposi- 
tion by  sulphuric  acid. 

(I.)  The  Volumetric  process  (modification  of  Ghiy-Lussac's 
method). 

(a.)  Preparation  of  the  standard  acid. — Ordinary  oil  of  vitriol 
is  dUuted  with  ten  or  twelve  parts  by  measure  of  water,  and  the 
mixture  allowed  to  cool.  A  quantity  of  the  best  bicarbonate  of 

T  2 
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soda  is  washed  on  a  filter  with  cold  distilled  water,  till  the  fil- 
trate when  neutralized  with  pure  nitric  acid  ceases  to  give  a 
precipitate  either  with  nitrate  of  silver  or  chloride  of  barium ; 
it  is  then  well  dried,  and  heated  to  low  redness  for  some  time 
in  a  porcelain  or  platinum  crucible ;  when  cold  it  is  weighed, 
again  heated  for  some  time,  and  then  again  weighed  ;  the  pro- 
cess is  complete,  that  is,  the  second  atom  of  carbonic  acid  has 
been  completely  expelled,  when  the  weight  remains  constant. 
Of  the  purified  carbonate  of  soda  thus  prepared,  530  grains, 
are  dissolved  in  exactly  10,000  grains  of  distilled  water,  a  solu- 
tion is  thus  obtained,  1000  grain  measures  of  which  contain 
58  grains,  representing  one  equivalent  of  carbonate  of  soda. 
This  quantity  of  the  alkaline  solution  is  poured  into  a  small 
beaker,  and  a  sufficient  quantity  of  infusion  of  litmus  is  added  to 
communicate  to  it  a  distinct  blue  colour.  The  burette  is  filled 
exactly  to  0  with  the  diluted  acid,  and  the  beaker  being  placed 
on  a  small  sand-bath  over  a  lamp,  the  acid  is  poured  in  until 
the  blue  colour  is  changed  to  a  bright  red ;  the  operator  must 
be  careful  not  to  mistake  the  wine-red  colour  which  the  liquor 
assumes  from  the  evolution  of  carbonic  acid,  for  the  distinct  red 
produced  by  a  very  slight  excess  of  the  acid,  and  when  the  point 
of  saturation  is  approached,  the  addition  of  the  acid  must  be 
made  with  great  care,  the  alkaline  liquid  being  in  a  state  of 
ebullition.  The  operation  being  finished,  the  quantity  of  acid 
which  has  been  required,  is  observed,  and  the  experiment  is  re- 
peated again  and  again,  on  fresh  1000  grain  measures  of  the 
alkaline  solutions,  until  perfectly  concordant  results  are  ob- 
tained. 

Suppose  that  600  grain  measures  of  acid  have  been  required 
to  efiect  an  exact  saturation  of  the  alkaline  solution,  this  then 
is  the  quantity  of  acid  equivalent  to  53  grains  of  carbonate  of 
soda,  and  by  adding  400  grain  measures  of  water  to  every  600 
grain  measures  of  such  acid,  a  solution  is  obtained,  1000  grain 
measures  of  which  contain  exactly  49  grains  of  HOjSOs  equi- 
valent therefore  to  53  grains  of  carbonate  of  soda,  to  40  grains 
of  hydrate  of  soda,  to  69  grains  of  carbonate  of  potassa,  and  to 
56  grains  of  hydrate  of  potassa. 

Mohr  prefers  oxalic  to  sulphuric  acid,  for  the  following  rea- 
sons : — Ist,  because  it  is  easily  obtained  in  a  state  of  purity  by 
recrystallization,  and  in  its  crystalline  form  its  composition  is 
perfectly  definite  (C2O3HO, +  2H0);  2nd,  because  being  a 
solid  it  is  better  adapted  for  weighing  than  a  liquid,  and  is  not 
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liable  to  deliqueBce  or  effloresce ;  and  3rd,  because  it  is  quite 
fixed  in  heated  solutions. 

If  oxalic  acid  be  adopted  as  the  base  of  the  volumetric  alka* 
limetrical  system,  63  grains  of  the  pure  crystallized  acid  are 
dissolved  in  water,  and  the  solution  diluted  to  1000  grain  mea- 
sures at  60°  F.  This  quantity  of  solution  will  then  neutralize 
exactly  40  grains  of  hydrate  of  soda,  or  66  grains  of  hydrate  of 
potassa,  and  53  grains  of  carbonate  of  soda,  and  69  grains  of 
carbonate  of  potassa.  In  order  accurately  to  control  this  solu- 
tion, Mohr  tests  it  with  a  solution  of  caustic  potassa  or  soda ; 
he  prefers  the  former,  as  it  has  less  action  on  the  glass.  Scott 
prefers  caustic  soda,  from  the  greater  facility  with  which  it  may 
oe  obtained  free  from  silicic  and  sulphuric  acids.  It  is  imma- 
terial which  alkali  is  employed.  The  caustic  solution  is  diluted 
with  distilled  water  until  it  is  exactly  equal  in  strength  to  the 
normal  acid.  It  is  preserved  in  a  bottle,  through  the  stopper 
of  which  is  inserted  a  tube  containing  a  mixture  of  equal  p^urts 
of  Gl-lauber*s  salt  and  quicklime,  previously  mixed  together,  dried, 
and  ignited. 

(b.)  Performance  ofihe  Alhalimetriealjissay. — ^When  a  sam- 
ple of  commercial  soda  has  to  be  tested,  530  grains,  or  a  sub- 
multiple  of  that  quantity,  should  be  weighed  out  from  the 
thoroughly  powdered  and  mixed  sample ;  after  being  dried,  it 
should  be  gently  ignited  in  a  porcelain  or  platinum  crucible, 
and  allowed  to  cool  without  exposure  to  the  air,  or  under  the 
receiver  of  the  air  pump,  as  represented  in  Fig.  69 ;  when  cold,  it 
is  again  weighed ;  the  loss  indicates  the  amount  of  moisture.  It 
is  then  washed  into  a  beaker,  in  which  it  is  dissolved ;  should  any 
insoluble  residue  remain,  it  is  filtered  off,  dried,  and  weighed ;  the 
clear  filtrate  is  made  up  to  exactly  10,000  grain  measures,  sup- 
posing 530  grains  to  have  been  taken,  or  to  5000  grain  mea- 
sures, supposing  half  that  weight  to  have  been  used.  The  so- 
lution is  well  mixed  together,  and  from  it  1000  grain  measures 
are  taken,  transferred  to  a  beaker,  the  solution  rendered  blue 
with  litmus,  heated  to  boiling,  and  then  tested  with  the  normal 
«icid  in  the  manner  just  described,  until  the  neutral  point  is 
reached ;  the  process  may  be  repeated  several  times,  if  necessary, 
to  be  certain  of  the  accuracy  of  the  analysis.  In  order  how- 
ever to  avoid  all  ambiguity  arising  from  the  carbonic  acid,  a 
sufficient  quantity  of  acid  may  be  added  to  render  the  liquid 
▼ery  decidedly  red,  and  then  the  normal  caustic  alkali  added 
ilrop  by  drop,  until  the  liquid  suddenly  changes  to  violet-blue ; 
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the  number  of  divisions  of  the  burette  that  have  been  required 
to  effect  this,  must  be  deducted  from  the  quantity  of  acid  origi- 
nally used;  by  this  "backward"  or  "residual"  method  very 
sharp  results  are  obtained. 

Suppose  850  burette  divisions  of  the  normal  acid  have  been 
required,  the  following  calculation  gives  the  amount  of  real 
carbonated  alkali  in  the  sample : — 

As     1000         :         860         ::         63         :         J? 
07  =  46,  the  amount  of  carbonate  of  soda  in  53  grains  of  the 
sample. 

The  carbonate  of  soda  of  commerce  sometimes  contains  two 
or  three  salts  arising  from  imperfect  decomposition,  which  inter- 
fere with  the  accuracy  of  the  alkalimetric^  assay.  These  salts 
BTG  sulphide  of  sodium  (NaS)  ;  hyposulphite  of  soda  (NaOjSgO^); 
and  sulphite  of  soda  (NaOjSOg) ;  the  presence  of  the  former 
is  indicated  by  the  solution  blackening  salts  of  lead  ;  all  error 
arising  from  the  presence  of  these  salts  is  removed  by  eva- 
porating the  solution  to  dryness  after  the  addition  of  a 
few  crystals  of  chlorate  of  potassa,  and  heating  the  residue ; 
the  sulphur  is  hereby  converted  into  sulphurie  acid,  which  is 
harmless. 

It  is  true  that  if  hyposulphites  are  present  another  error  is 
introduced,  SjOg  becoming  by  oxidation  2  SO^,  so  that  one  equi- 
valent of  sulphuric  acid  is  free  to  neutralize  one  equivalent  of 
alkali,  but  as  it  is  very  seldom  that  this  oxygen  compound  of 
sulphur  is  present  in  quantity,  it  is  of  little  practicsd  impor- 
tance. 

But  the  sample  may  contain  caustic  soda,  as  is  the  case  with 
the  crude  soda  of  commerce,  and  the  alkaline  leys  used  in  soda, 
paper,  and  other  manufactures. 

r^ow  as  the  above  alkalimetrical  process  makes  no  distinction 
between  carbonated  and  caustic  alkalies,  both  exerting  the  same 
action  on  litmus,  and  both  being  converted  into  sulphates  by  sid- 
phuric  acid,  it  is  necessary  in  the  examination  of  such  mixtures 
to  determine  the  amount  of  carbonic  acid  by  an  independent 
experiment.  This  object  is  accomplished  by  adding  to  a  hot 
solution  of  the  salt,  chloride  of  barium  as  long  as  a  precipitate 
takes  place,  this  precipitate  contains  in  the  form  of  carbonate 
of  baryta  all  the  carbonic  acid  which  existed  in  the  sample  in 
the  form  of  carbonated  alkali ;  it  is  collected  on  a  filter,  washed 
rapidly  without  exposure  to  the  air,  and  the  amount  of  car- 
bonic acid  determined  by  one  of  the  processes  recoDnmended 
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under  "  Carbonic  add."  The  amount  of  carbonic  add  being 
thus  determined,  also  by  the  volumetric  aBsay  of  another  por- 
tion of  the  sample,  the  total  amoont  of  alkali ;  the  relative 
proportions  of  carbonated  and  caustic  alkali  are  easily  ascer- 

In  the  examination  of  commercial  pearlaahea,  the  mode  of 
operating  ia  preciaely  the  same,  but  as  the  equivalent  of  carbo- 
nate of  potaasa  is  69,  the  weight  of  the  sample  to  be  operated 
upon  to  make  in  eotution  10,000  grain  measurea,  will  be  690 
graiuB.  It  may  sometimea  be  convenient  to  employ  a  normal 
sulphuric  acid,  1000  grain  meaaurea  of  which  ahall  be  equiva- 
lent to  precisely  100  grains  of  the  anhydrous  caustic  aJkali ; 
for  this  purpoae  it  ia  obvioua  that  different  standard  acids  will 
be  required  for  soda  and  for  potassa,  that  for  soda  must  be  of 
auch  a  strength  that  1000  grain  measures  sh&U  saturate  exactly 
171  grains  of  pure  carbonate  of  aoda,  and  that  for  potaesa  must 
be  precisely  equivalent  to  146'8  grains  of  pure  carbonate  of 
|)0taB8a,  the  advantage  of  the  standard  acid  above  described  ia 
its  eqnivalency  both  to  potassa  and  aoda. 

Mr.  Scott  ('Hand- 


book of  Volumetric 
Analysis')  ^vea  the 
following  du-ectioQS 
for  preparing  the 
infusion  of  litmas : 
—  "  Treat  1  lb.  of 
litmus  with  about  7 
or  8  lbs.  of  water, 
raise  the  whole  to 
the  boiling-point, 
and  then  alter  hav- 
ing allowed  to  cool 
slightly,  throw  on  a 
filter  in  order  to  re- 
move the  mineral  and 
otiier  impurities  al- 
ways present  in  the 
commercial  article, 
^e  solution  thus  ^ 
prepared  should  be 
■ept  in  an  open  hat- 
tie,  ai  if  the  air  be 
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not  allowed  access  to  it,  it  is  Tery  liable  to  undergo  decom- 
position, tbe  addition  of  a  little  spirit  improTes  its  stability. 
A  fixed  quantity  for  use  in  each  analysis  should  be  taken  ont 
by  means  of  a  small  graduated  pipette,  in  order  to  ensure  the 
same  intensity  of  colour  in  each  analysis.  The  iafusion  of 
litmus  is  slightly  alkaline,  but  it  may  be  rendered  perfectly 
neutral,  by  boiling  with  a  small  quantity  of  chloride  of  ara- 


Those  who  are  engaged  in  tbe  frequent  practice  of  alkaUme- 
trical  assays,  will  find  it  very  convenient  to  prepare  large  quan- 
tities of  normal  solutions  of  acid,  and  caustic  alkali,  and  to 
keep  them  in  lai^e  Wolfe's  bottles,  mounted  on  a  convenient 
stand,  as  in  Fig.  68.  The  acid  eliould  be  coloured  red  by  the 
addition  of  a  few  drops  of  infusion  of  litmus,  and  the  alkali  blue. 
Tho  manner  of  arranging  the  pipettes  so  that  thev  may  be  filled 
without  detaching  them  from  the  apparatus,  will  'be  understood 
from  a  simple  inspection  of  the  figure.  The  air-tube  of  the 
bottle  containing  tbe  normal  caustic  alkali,  may  be  replaced  by 
a  wider  tube  containing  a  mixture  of  Glauber's  salt  and  quick- 
lime previously  ignited. 

(11.)  Method^  Frefenitu  and  Will.— The  tHyaMmeinaii  pro- 
cess above  described  seeks  its  object  by  determining  the 
amount  of  alkali,  calculating  it  from  the  measure  of  acid  which 
it  requires  for  its  neutralization.  In  the  method  now  to  bo 
described  the  result  is  obtained 
by  determining  the  quantity  -of 
carbonic  acid  with  which  the  al- 
kali was  combined. 

The  process  is  conducted  as 
follows  (Fig.  69)  :— 

a  and  b  are  two  flasks.  Wide- 
mouthed  medicine  bottles  even 
may  be  employed,  h  should  have 
a  capacity  of  from  2J  to  2  ounces 
of  water:  it  is  advisable  that  a 
should  be  somewhat  smaller,  say 
of  a  capacity  of  about  1^  to  3 
ounces.  Both  flasks  are  closed 
by  means  of  doubly  perforated 
corks :  these  perforations  serve 
for  the  reception  of  the  tubes, 
?ig.  e».  e,  d,  and  e.    All  these  tubea  are 
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open  at  both  ends ;  when  operating,  the  end  of  the  tube  d  is 
closed  by  means  of  a  small  piece  of  wax.  The  substance  to  be 
examined  is  weighed  and  projected  into  the  flask  5,  into  which 
water  is  then  poured  to  the  extent  of  one-third  of  its  capacity ; 
a  is  filled  with  common  English  sulphuric  acid  to  about  half 
its  capacity.  Both  flasks  are  then  corked,  and  the  apparatus 
is  weighed.  The  air  in  the  whole  apparatus  is  then  rarefied  by 
applying  suction  to  the  tube  c ;  the  consequence  is,  that  the 
sulphuric  acid  contained  in  a  ascends  into  the  tube  «,  and  thus 
a  portion  of  it  flows  over  into  h ;  immediately  upon  its  coming 
into  contact  with  the  carbonate  contained  in  this  flask,  the 
evolution  of  carbonic  acid  begins  briskly.  The  peculiar  con- 
struction of  the  apparatus  compels  the  carbonic  acid  evolved  to 
pass  through  the  sulphuric  acid  contained  in  a  before  it  i&per- 
mitted  to  escape  through  the  tube  Cy  this  being  the  only  aper- 
ture of  the  apparatus.  It  is  obvious  that  during  this  transmission 
through  sulphuric  acid  all  the  moisture  with  which  the  carbonic 
acid  may  be  charged  wiU  be  retained  more  completely  than  could 
be  done  in  any  other  manner.  Upon  the  influx  of  the  sulphu- 
ric acid,  the  fluid  in  b  becomes  heated,  and  expands  together 
with  the  air  contained  in  the  flask  :  upon  cooling,  both  acquire 
their  original  volume  again,  owing  to  which  a  new  portion  of 
sulphuric  acid  flows  over  into  b  as  soon  as  the  evolution  of  gas 
has  ceased :  the  process  is,  however,  expedited  by  applying  suc- 
tion to  the  tube  c  every  time  the  evolution  of  gas  ceases,  and  in 
this  way  the  operation  may  be  accomplished  in  a  few  minutes. 
When  the  carbonate  is  completely  decomposed  (which  is 
ascertained  by  no  further  evolution  of  gas  taking  place  upon 
the  iiiflux  of  fresh  portions  of  sulphuric  acid  into  d),  a  some- 
what larger  quantity  of  the  sulphuric  acid  contained  in  a  is, 
by  means  of  renewed  suction,  made  to  pass  over  into  b :  the 
fluid  in  this  flask  becomes  hereupon  heated  to  such  an  ex- 
tent as  to  expel  all  the  carbonic  acid  which  it  had  absorbed  in 
the  course  of  the  operation.  As  soon  as  the  evolution  of  gas 
has  completely  ceased,  the  aperture  of  the  tube  d  is  opened  by 
taking  off  the  piece  of  wax,  and  suction  applied  to  the  tube  c, 
until  all  the  carbonic  acid  still  contained  within  the  apparatus 
is  replaced  by  air.  The  apparatus  is  then  allowed  to  cool, 
wiped  dry,  and  weighed.  The  loss  of  weight  indicates  the 
amount  of  carbonic  acid  which  was  contained  in  the  test  spe- 
cimeii.  A  common  apothecary's  balance,  that  will  turn  with 
one-sixth  of  a  grain,  is  sufSciently  delicate  for  weighing  not 
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only  the  whole  apparatus,  but  the  tQst  specimen  also ;  and  it  is 
not  one  of  the  least  of  the  advantages  of  this  method,  that  it 
enables  the  operator  to  experiment  on  a  much  larger  scale  than 
is  possible  in  an  ordinary  analysis.  Previous  to  submitting 
the  sample  to  analysis,  it  must  be  thoroughly  dried  by  expo- 
sure to  heat  over  a  lamp  for  about  five  minutes  in  a  Berlin  cru- 
cible, and  allowed  to  cool  with  the  cover  on :  it  must  also  be  as- 
certained whether  any  insoluble  earthy  carbonates  are  pres^it, 
which  is  done  by  dissolving  the  specimen  in  water,  filtering  and 
well  washing  the  residue :  if  the  sample  contain  sulphide,  sul- 
phite, or  hyposulphite  of  the  alkali,  a  teaspoonful  of  yeUow 
ehromate  of  potassa  is  added  to  the  solution  in  the  flask,  which 
decomposes  both  the  sulphurous  acid  and  the  sulphuretted  hy- 
drogen at  the  moment  of  their  liberation,  all  the  products  of 
the  decomposition,  viz.  sulphate  of  chromium,  water,  and  sul- 
phur, remaining  in  the  apparatus.  The  amount  of  caustic  soda 
and  potassa  present  in  the  specimen,  the  determination  of 
which  is  of  great  importance,  is  found  by  comparing  the  quan- 
tity of  carbonic  acid  evolved  from  a  given  weight  of  the  alkali 
in  its  ordinary  state,  with  that  evolved  from  a  similar  quantity 
after  it  has  been  mixed  in  a  moist  state  with  carbonate  of  am- 
monia, and  dried  at  a  high  temperature,  by  which  means  all  the 
caustic  alkali  becomes  carbonated.  Should  any  bicarbanaUs 
be  present,  they  are  converted  into  neutral  carbonates,  by  the 
applicatibn  of  a  gentle  red-heat :  in  order  to  ascertain  their 
presence  the  solution  to  be  examined  is  mixed  with  solution  of 
chloride  of  calcium  in  excess,  filtered,  and  ammonia  added  to 
the  filtrate, — a  turbidity  indicates  the  presence  of  bicarbonate. 
The  presence  of  free  soda  in  the  commercial  article  is  de- 
tected by  the  alkaline  reaction  which  the  solution  of  the  sam- 
ple exhibits  after  the  addition  of  chloride  of  barium  in  excess. 
Fresenius  and  Will  apply  the  same  method  to  the  analysis 
of  carbonates,  the  bases  of  which  form  insoluble  compounds 
with*  sulphuric  acid.  The  apparatus  is,  however,  somewhat  mo- 
dified, in  order  to  allow  of  the  introduction  of  nitric  acid  in  the 
place  of  sulphuric  acid  in  the  bottle  b,  For  this  purpose  the 
tube  d  is  expanded  to  a  bulb  in  its  upper  part,  ana  drawn  out 
to  a  fine  point  at  its  lower  end ;  it  must  be  adjusted  into  the  cork 
of  b  in  such  a  manner  as  to  allow  of  its  being  raised  or  depressed, 
still,  however,  preserving  the  bottle  air-tight.  It  is  filled  with 
dilute  nitric  acid,  and  a  wax  stopper  having  been  inserted  into 
its  upper  aperture  it  is  introduced  into  the  cork,  so  that  its 
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point  jast  reaches  the  surface  of  the  water  in  b,  through  which 
the  carbonate  to  be  analysed  is  diffused.  Tbe  nitric  acid  is 
prevented  from  escaping  from  the  tube  bj  the  wax  stopper. 
The  whole  apparatus  is  weighed,  the  tube  d  is  then  cautiously 
depressed,  so  that  its  point  nearly  reaches  the  bottom  of  the 
flask,  and  by  removing  the  wax  stopper  the  nitric  acid  gradually 
escapes  into  d,  occasioning  the  decomposition  of  the  carbonate, 
the  liberated  carbonic  acid  escaping  through  the  tube  c,  and 
becoming  deprived  of  moisture  by  the  sulphuric  acid  in  a,  pre- 
vious to  escaping  through  e.  When  the  decomposition  is  com- 
plete, the  carbonic  acid  which  has  been  absorbed  by  the  water 
in  d  is  expelled  by  plunging  the  apparatus  into  hot  water,  air 
having  been  previously  drawn  through  the  flasks  by  suction  at 
the  tube  e.  As  soon  as  the  whole  is  cool  the  flasks  are  wiped 
drv  and  weighed.  The  loss^  indicates  the  amount  of  carbonic 
acid.  It  is  scarcely  necesssoy  to  say  that  nitric  acid  is  here 
employed,  in  consequence  of  its  forming  soluble  compounds 
with  the  bases  of  such  carbonates  as  may  require  to  be  analysed 
in  this  apparatus,  viz.  those  of  lime,  strontia,  and  baryta. 

155,  Ammokitjm. 

Ammonia  is  estimated  as  chloride  ofammoniumy  and  as  double 
chloride  of  platinum  and  ammonium.  It  is  also  estimated  by 
the  volumetric  process. 

Quantitative  estimation  as  Chloride, — ^When  the  alkali  exists 
in  a  solution,  either  in  an  uncombined  state,  or  as  a  carbonate, 
or  combined  with  a  weak  volatile  acid,  or  as  chloride,  it  may  be 
weighed  in  the  form  of  the  latter  salt,  for  which  purpo^  slight 
excess  of  hydrochloric  acid  is  added  to  the  solution,  which  is 
evaporated  to  dryness  on  the  water  bath,  the  residue  being 
heated  thereon  till  it  ceases  to  lose  weight ;  at  this  temperature 
the  loss  from  volatilization  is  almost  inappreciable.  Its  com- 
position is — 

One  equivalent  of  NH4  .     .     18*0    .     .     83-66 
One  equivalent  of  01 .     .     .    355     .     .     6635 

One  equivalent  of  NH4 01  .    535     .     .  10000 

Quantitative  estimation  as  double  Chloride  of  Platinum  and 
Ammonium. — ^Ammoniacal  salts  may  be  analysed  by  converting 
the  ammonium  into  a  double  salt,  with  bichloride  of  platinum ; 
for  this  purpose  the  solution  is  supersaturated  with  hydro- 
chloric acid,  and  an  aqueous  solution  of  bichloride  of  platinum 
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added ;  the  mixture  is  evaporated  to  dryness,  and  the  residue 
treated  precisely  as  the  corresponding  potassium  salt;  it  is 
washed  on  a  weighed  filter,  with  alcohol,  and  dried  at  212° ;  its 
composition  is — 

One  equivalent  of  NH4 .    1800  .    807=7-62 NH8=6-278 N 
One  equivalent  of  Pt     .    98*50  .  4417 
Three  equivalents  of  CI .  10650  .  4776 

Oneeq.ofNH^Cl.PtClg  22300  10000 

When  this  double  salt  is  heated  to  redness  it  is  entirely  de- 
composed, metallic  platinum  in  a  fine  spongv  form  alone  re- 
maining ;  this  operation  may  therefore  be  performed  upon  it  in 
order  to  control  the  previous  determination ;  the  ignition  must 
be  effected  carefully  in  a  thin  Berlin  crucible,  a  gentle  heat 
being  first  applied,  and  gradually  increased  until  the  organic 
matter  of  the  filter  is  entirely  destroyed.  The  crucible  should 
be  covered  at  first,  but  the  cover  must  be  removed  towards  the 
close  of  the  operation,  the  crucible  being  then  placed  obliquely, 
in  order  to  favour  the  access  of  air. 

Ammoniacal  salts  may  also  be  analysed  by  igniting  them 
with  a  mixture  of  hydrate  of  soda  and  hydrate  of  lime  ;*  the 
ammonia  is  liberated  from  its  previous  combination,  and  is 
received  into,  and  condensed  in  hydrochloric  acid ;  it  is  subse- 
quently estimated  as  double  chloride  of  platinum  and  ammo- 
nium, in  the  manner  already  described.  The  process  is  con- 
ducted as  follows :  the  salt  to  be  analysed  having  been  thoroughly 
dried  in  the  water-bath,  is  weighed,  and  intimately  mixed  with 
a  sufficient  quantity  of  soda-lime  to  half  fill  a  combustion 
tube  of  hard  German  glass,  about  14  or  16  inches  long  and  half 
an  inch  internal  diameter ;  in  the  operation  of  mixing,  forcible 
pressure  must  be  careftdly  avoided,  or  the  ammoniacal  salt 
will  undergo  partial  decomposition,  even  in  the  cold;  the 
combustion  tube  is  drawn  out  to  a  point,  and  bent  obliquely 
upward  at  its  closed  end :  soda-lime  is  first  introduced  so  as  to 
occupy  about  an  inch  of  the  end  of  the  tube,  this  is  followed 
by  the  mixture ;  the  remainder  of  the  tube  is  filled  to  within 
an  inch  of  the  top  with  soda-lime  that  has  served  to  rinse  out 

*  Prepared  by  slaking  a  weighed  amount  of  the  best  canBtic  lime,  with 
solution  of  soda  of  such  a  strength  that  there  shall  be  about  one  pirt  of  hy- 
drated  soda  to  two  parts  of  anhydrous  caustic  lime ;  the  mixture  is  heated  to 
feeble  redness  in  a  Hessian  crucible,  pulverized,  and  kept  in  a  well-closed 
phial. 
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the  mortar,  and,  finally,  a  stopper  of  recently  ignited  asbestos 
is  inserted ;  tbe  tube  is  now  laid  in  a  horizontal  position  on  the 
table,  and  a  few  smart  taps  given  to  it,  in  order  to  open  a 
channel  above  the  mixture  for  the  passage  of  ammoniacal 
gas.  The  condensing  apparatus,  containing  a  small  quantity 
of  hydrochloric  acid,  is  now  attached  to  the  tube  by  means 
of  a  perforated  cork,  the  combustion  tube  is  placed  in  the 
furnace,  and  the  whole  apparatus  having  been  proved  to  be 
air-tight,  the  tube  is  gradually  heated  with  red-hot  charcoal, 
commencing  at  the  anterior  portion,  and  proceeding  gradually 
towards  the  closed  end,  until  the  tube  is  red-hot  throughout  its 
whole  length ;  when  the  evolution  of  ammonia  has  ceased,  the 
point  of  the  combustion  tube  is  quickly  broken  off,  and  air 
drawn  through  the  apparatus,  so  as  to  bring  the  whole  of  the 
ammonia  into  the  hydrochloric  acid.  The  arrangement  of  the 
apparatus  is  shown  in  Fig.  70.    The  only  source  of  error  to  be 


Fig.  70. 

apprehended  in  conducting  this  op*eration  arises  from  the 
powerful  affinity  existing  between  hydrochloric  acid  and  am- 
monia, in  consequence  of  which  the  acid  is  apt  to  rush  back 
with  violence,  and  enter  the  combustion  tube,  thus  spoiling  the 
whole  analysis.  The  inventors  of  the  method,  Will  and  Var- 
rentrapp,  recommend  mixing  the  substance  analysed  with  an 
equal  amount  of  sugar,  which  gives  rise  to  the  evolution  of  other 
and  more  permanent  gases  which  serve  to  dilute  the  ammonia. 
The  accident  may  be  also  prevented  bv  employing  a  capacious 
condensing  apparatus,  and  using  a  moderate  quantity  of  hydro- 
chloric acid.    The  operation  being  over,  the  contents  of  the 
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condensing  apparatus  are  transferred  to  an  evaporating  basin, 
and  the  apparatus  repeatedly  rinsed  out  with  water ;  bichloride 
of  platinum  in  excess  is  then  added,  and  the  remainder  of  the 
process  conducted  as  has  been  alreadj  directed. 

Volumetric  estimation  of  Ammonia  and  of  Nitrogen, — ^Instead 
of  weighing  the  ammonia  condensed  bj  the  hydrochloric  acid  in 
the  above  process  as  double  chloride  of  ammonium  and  platinum, 
it  may  be  estimated  by  the  method  recommended  by  Peligot, 
('  Comptes  Bendus,'  March  29, 1847.)  The  bulbed  receiver  is 
partly  nlled  with  a  fixed  weight  or  volume  of  sulphuric  acid  of 
known  strength.  Now,  as  the  ammonia  which  combines  with 
the  acid  lowers  its  strength ;  by  determining  after  combustion 
the  composition  of  this  liquid,  and  comparing  it  with  that  it  pre- 
viously possessed,  it  is  easy  to  ascertain  the  quantity  of  ammonia 
that  has  been  condensed ;  and  consequently,  the  amount  of  ni- 
trogen yielded  by  the  substance  submitted  to  analysis.  This 
operation  is  executed  with  as  much  rapidity  as  precision,  by 
means  of  an  alkaline  solution,  likewise  of  known  strength. 
Feligot  prefers  a  solution  of  lime  in  syrup.  By  triturating 
slaked  lime  with  a  solution  of  sugar,  it  dissolves  in  far  greater 
proportion  than  in  pure  water ;  and  the  compound  formed  pos- 
sesses the  same  alkaline  reaction  as  if  the  base  which  it  contains 
were  firee.  It  may  be  preserved  for  a  considerable  time  with- 
out alteration,  in  Dottles  protected  from  contact  with  the  car- 
bonic acid  of  the  atmosphere :  nevertheless,  as  the  insoluble 
carbonate  of  lime  renders  the  liquid  turbid,  it  need  only  be 
filtered  to  serve  again  to  determine  the  strength  of  the  sul- 
phuric acid.     The  operation  is  conducted  as  follows : — 

A  certain  quantity  of  sulphuric  acid  of  known  strength  is 
accurately  measured,  into  the  condensing  apparatus.  The  acid 
employed  by  PeUgot  contains  61*250  grammes  of  (HOjSOs)  to 
1  litre  of  water ;  consequently,  100  cubic  centimetres  corre- 
spond to  2*12  grammes  of  ammonia,  or  1*75  gramme  of  ni- 
trogen. 

When  the  combustion  is  finished,  the  acid  which  has  served 
to  condense  the  ammonia  is  poured  into  a  cylindrical  glass ;  the 
apparatus  carefully  washed,  and  to  this  liquid,  diluted  with 
much  water,  a  few  drops  of  litmus  are  added,  to  give  it  a  red 
colour.  By  means  of  the  solution  of  lime  in  sugar,  which  is 
contained  in  a  burette  graduated  in  cubic  centimetres  and  in 
tenths  of  a  cubic  centimetre,  the  acid  liquid  is  accurately  satu- 
rated, the  operator  being  guided  by  the  blue  colour  which  the 
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liquor  suddenly  acquires  when  the  point  of  saturation  is  at« 
tamed.  The  quantity  of  alkaline  liquor  required  to  produce 
this  effect  is  read  off  on  the  burette ;  and  as  the  amount  of 
the  lime  compound  which  saturates  10  cubic  centimetres  of 
the  normal  solution  of  sulphuric  acid  has  been  determined  by 
a  previous  experiment ;  by  subtracting  from  this  quantity,  that 
found  for  the  acid  which  has  absorbed  the  ammonia  from  the 
nitrogenous  substance,  we  find  the  volume  of  the  acid  solution 
which  has  been  saturated  by  the  ammonia,  and,  consequently, 
the  weight  of  the  nitrogen  which  the  body  contained. 

Schl^esings  method  of  determinvng  the  amount  of  Ammonia 
when  accompanied  hy  nitrogenous  siibstanoes.  (Ann.  de  Chim., 
February,  1851.) 

A  known  weight  of  the  substance  is  dissolved  in  water 
and  placed  in  a  shallow  vessel,  over  which  is  supported,  on  a 

flass  tripod,  a  shallow  saucer  containing  sulphuric  acid  of 
nown  strength.  The  ammoniacal  solution  is  mixed  with  caus- 
tic potassa  or  with  milk  of  lime,  and  covered  wi(h  a  bell  glass, 
the  edges  of  which  rest  on  mercury  contained  in  a  large  shal- 
low dish.  After  a  period  varying  from  24  to  28  hours,  accord- 
ing to  the  bulk  of  the  ammonia^  solution,  the  whole  of  the 
ammonia  is  disengaged  and  is  absorbed  by  the  sulphuric  acid, 
the  strength  of  which  is  again  determined  by  means  of  sac- 
charate  of  lime  according  to  Feligot's  method.  This  process 
does  not  answer  so  well  with  insoluble  salts  of  ammonia,  which 
the  author  directs  to  be  dissolved  in  nitric  acid ;  the  operation 
then  goes  on  very  slowly,  requiring  sometimes  72  hours  for  the 
complete  absorption. 

Walker  (Chem.  News,  Nov.  24,  1860)  condenses  the  am- 
monia produced  by  the  decomposition  of  nitrogenous  organic 
substances,  manures,  etc.,  by  igniting  them  with  soda-lime,  in  a 
dilute  solution  of  chloride  of  zinc  (sp.  gr.  1'025)  using  about 
ten  fluid  ouhces  for  each  analysis ;  oande  of  zinc  is  precipitated, 
every  40  parts  of  which  correspond  to  17  of  ammonia.  The 
results  he  states  to  be  very  accurate. 

For  determining  the  amount  of  ammonia  in  rain-water,  Bous- 
singault  submits  to  distillation  1  litre  (about  35^  oz.)  of  water, 
to  which  a  little  caustic  potassa  has  been  added,  and  collects 
and  tests  by  the  alkalimetrical  method  two  or  more  successive 
fifths  or  tenths  of  the  products.  For  this  purpose  he  uses  a 
test  acid  only  ^^^^th  of  the  strength  of  that  employed  by  Feligot, 
and  a  test  alkaline  solution  not  quite  a  third  of  the  strength, 
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volume  for  volume,  of  this  test  acid.  In  practice  Boussiugault 
finds  that  the  limit  of  error  in  the  use  of  this  dilute  alkaline  so- 
lution is  about  0*2  cub.  cent,  measures  of  it,  equal  to  about 
0*033  milligramme,  equal  to  0*0005  grain  of  ammonia.  Messrs. 
Lawes  and  Gilbert  operate  upon  several  litres  of  water  in  the 
first  instance,  reducing  the  bulk  by  successive  distillations  to 
one-half;  it  is  thus  brought  to  a  convenient  amount  for  final 
distillation  and  subsequent  testing  of  measured  proportional 
amounts  of  the  distillate,  according  to  Boussingault*s  method. 

The  amount  of  ammonia  in  manures,  the  ammoniacal  liquor 
of  gas-works,  etc.,  may  be  determined  by  distilling  known 
weights  or  volumes  in  a  flask,  into  which  caustic  potassa  is 
allowed  to  flow  from  a  suitable  apparatus  furnished  with  a  clip, 
the  product  being  received  in  another  large  flask  containing  a 
known  volupoLe  of  norma)  acid,  the  strength  of  which  after  the 
operation,  is  a(^ain  tested  in  the  usual  manner.  The  distillation 
should  be  conducted  cautiously,  and  the  flask  should  be  suffi- 
ciently large  i^  prevent  the  liquid  from  frothing  over ;  the  end 
of  the  delivery  tube  should  be  cut  slanting,  and  just  reach  the 
surface  of  the  acid  in  the  receiver ;  the  boiling  should  continue 
for  fifteen  or  twenty  minutes. 

Separation  of  Ammonia  from  Potassa  and  Soda. — When  all 
three  alkalies  are  present  in  combination  with  the  same  vo- 
latile acid,  the  ammoniacal  salt  may  be  expelled  from  a  weighed 
portion  of  the  mixture  by  careful  ignition,  and  the  amount  of 
ammonia  calculated  from  the  loss  of  weight.  If  the  mixture 
contain  ammonia  in  tlie  form  of  chloride  or  carbonate,  it  may 
likewise  be  expelled  by  heat  from  the  salts  of  the  other  alka- 
lies, but  if  the  ammonia  be  present  in  combination  with  a  non- 
volatile acid,  or  if  the  mixture  cannot  be  dried  at  a  temperature 
insufficient  to  expel  ammonia,  it  must  be  determined  bv  com- 
bustion with  soda  lime,  and  the  other  alkalies  must  be  estmiated 
from  a  separate  portion,  which  has  been  previously  gently  ig- 
nited it  to  expel  all  the  ammonia.  If  no  potassa  be  pre- 
sent, ammonia  may  be  separated  from  soda  by  bichloride  of 
platinum. 
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GBOUP  II. 

The  Metals  of  the  Alkaline  Earths :— Barium^  Strontiimiy 

Calcium^  Magnesium. 

156.  Babitjm. 

Oxide  qfJBariumj  or  Baryta^  is  weighed  as  carbonate  and  as 
sulphate,  most  frequently  as  the  latter,  which  is  eompletelj  in- 
soluble in  water,  and  extremely  sparingly  so  in  aU  acids. 

Quantitative  estimation  as  Sulphate. — To  the  solution  con- 
taining the  earth,  heated  to  212^,  dilute  sulphuric  acid  is  added 
in  excess ;  the  fluid  is  well  agitated,  poured  into  a  beaker,  and 
allowed  to  stand  till  the  precipitate  has  settled,  and  the  super- 
natant fluid  become  quite  clear:  it  is  then  transferred  to  a 
filter,  the  amount  of  ash  yielded  by  which  is  known,  and 
washed  with  hot  distilled  water  until  the  wash-water  no  longer 
produces  any  precipitate  with  chloride  of  barium,  it  is  then 
dried  and  ignited,  the  heat  being  continued  until  the  organic 
matter  of  filter  is  completely  destroyed,  and  the  contents  of  the 
crucible  perfectly  white ;  when  quite  cold^  it  is  weighed.  Its 
composition  is — 

One  equivalent  of  BaO     .     .    766  .     .    6566 
One  ditto  of  S Oj    ....    400  .    ,    34'34 

One  ditto  of  Ba 0,808     •    •   ^^^'^         lOOOO 

Quantitative  determination  as  Carbonate. — In  certain  cases 
the  precipitation  of  baryta  by  sulphuric  acid  is  inadmissible ; 
it  is  then  thrown  down  in  the  form  of  carbonate,  by  carbonate 
of  ammonia,  mixed  with  a  little  caustic  ammonia ;  the  precipi- 
tate is  allowed  to  settle  in  a  warm  place,  and  is  washed  dn 
the  filter  with  water,  rendered  slightly  alkaline  by  ammonia^ 
It  may  be  heated  to  redness,  without  losing  carbonic  acid. 

Its  composition  is — 

One  equivalent  of  BaO    .     ,    765.     .    7766 
One  ditto  of  C Oj    ....    220  .     .    22-34. 

One  ditto  of  BaO, CO3     .     .    98-6  100  00 

Baryta  is  estimated  as  carbonate  when  it  exists  in  combi- 
nation with  an  organic  acid :  the  salt  is  carefully  ignited  in  a 
platinum  crucible,  first  covered,  and  afterwards,  with  free  ac- 
cess of  air ;  the  heat  is  continued  till  the  residue  is  perfectly 
white ;  it  is  then  allowed  to  cool,  moistened  with  carbonate  of 
ammonia,  and  again  gently  ignited. 

PABT  If.  V 
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Separation  of  Baryta  from  the  Alkalies, — The  compound 
is  dissolved  in  water  or  in  hydrochloric  acid,  if  necessary; 
the  baryta  is  precipitated  as  sulphate,  the  alkalies  being  in 
this  case  obtained  also  in  the  state  of  sulphates  by  evaporating 
the  filtered  solution  ;  or  as  carbonate,  in  which  case  the  alka- 
lies may  be  obtained  as  chlorides,  which  is  the  most  convenient 
form  if  they  have  subsequently  to  be  separated  from  each  other. 

157.  Stboktium. 

Oside  of  Strontium  or  Strontia  is  also  weighed  as  sulphate 
and  as  carbonate;  it  is  precipitated  in  the  form  of  both  salts 
precisely  as  baryta ;  but,  as  sulphate  of  strontia  is  not  alto- 
gether insoluble  in  water,  spirits  of  wine  are  added  to  the 
fluid,  to  diminish  its  solubility :  when  this  is  inadmissible,  it  is 
better  to  precipitate  the  earth  as  carbonate,  washing  the  salt 
on  the  filter  with  water  containing  ammonia  and  carbonate  of 
ammonia. 

The  composition  of  sulphate  of  strontia  is — 

One  equivalent  of  SrO .     .     .    51*75  .     .    66'44 
One      ditto,      of SO3  .     .     .     40  00.     ,     4356 

One      ditto      ofSrO.SOg     •     91*75  10000 

The  composition  of  carbonate  of  strontia  is — 

One  equivalent  of  SrO      .    .    51*75  .    .    70*20 
One      ditto      of  CO3.     .     ;    22-00  .     .     29*80 

One      ditto      of  8rO,C03  .    73^  .     .  lOO-OO 

Separation  of  Strontia  from  Baryta, — ^The  hydrochloric  so- 
lution of  the  earths  is  mixed  with  excess  of  hydrofluosilicic 
acid,  and  allowed  to  remain  at  rest  for  some  hours :  the  crys- 
talline precipitate  of  silico-fluoride  of  barium  is  collected  on  a 
weighea  filter,  washed  and  dried  at  212^ :  the  strontia  in  the 
filtrate  is  estimated  either.as  sulphate  or  as  carbonate. 

The  composition  of  silico-fluoride  of  barium  is 

One  equivalent  of  Ba  .    .    68-6    .    4950  =  5484  BaO 
One      ditto      of  Si     .    .     140    .     10*63 
Three  ditto      of F     .    .    570    .    4087 

One  ditto  of  BaF, Si Fg     .  TS9^       lOOOO* 

•  According  to  Bose  (Pogg.  Ann.,  Nov.  6, 1850),  aUico-fluoride  of  barium 
is  not  entirely  insoluble  in  water,  and  therefore  perfectly  accurate  re- 
sults are  only  obtained  when  the  precipitation  is  effected  from  a  spirituous 
solution.  A  small  quantity  of  alcohol  need  only  be  added  to  render  the 
precipitation  complete. 
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Separation  qfStrontiaJrom  the  Alkalies. — ^This  is  effected  in 
tlie  same  manner  as  the  separation  of  baryta. 

158.  Calcium. 

Oande  of  Calcium,  or  Zdme,  is  estimated  as  sulphate  and  as 
carbonate.  As  sulphate  of  lime  is  soluble  to  a  considerable  ex- 
tent in  water,  it  is  necessary  to  add  to  the  solution  about  to  be 
precipitated  by  sulphuric  acid,  twice  its  volume  of  alcohol;  and 
to  wash  the  sulphate  of  lime  on  the  filter  with  spirit :  it  is 
ignited  previous  to  weighing. 

The  composition  of  sulphate  of  lime  is — 

One  equivalent  of  CaO     .     .    28    .     .    41-17 
One      ditto      ofSOj.     .     .    40     .     .    58-83 

One      ditto      of  CaOjSOj  .    68     .     .10000 

Quantitative  determination  as  Garhonate, — ^If  the  lime  salt 
be  soluble  in  water,  and  if  the  solution  be  perfectly  neutral, 
oxalate  of  ammonia  is  added  as  long  as  a  precipitate  is  pro- 
duced ;  the  oxalate  of  lime  is  allowed  to  settle  completely, 
which  usually  rec^uires  some  hours,  the  vessel  (a  beaker,  or 
a  Phillips's  precipitating-jar)  being  covered,  and  placed  in  a 
warm  situation ;  it  is  then  filtered,  and  the  salt,  having  been 
thoroughly  washed  with  hot  water,  is  dried  and  exposed  to  a 
dull  red-heat  for  twenty  minutes ;  the  oxalate  of  lime  is  by 
this  means  converted  into  carbonate ;  but,  as  it  is  possible  that 
it  may  have  lost  carbonic  acid  during  ignition,  it  is  safer,  be- 
fore weighing,  to  moisten  it  with  a  lew  drops  of  solution  o 
carbonate  of  ammonia,  to  evaporate  to  dryness  on  the  water- 
bath,  and  again  expose  it  to  a  very  gentle  ignition. 

The  composition  of  carbonate  of  lime  is — 

One  equivalent  of  Ca  0     .     .     .     28     .     .    56 
One      ditto      of  COj      .     .     .     22     .     .  _44 

One     ditto      ofCaO,C03.     .    50    .     .100 

If,  however,  the  lime  salt  can  only  be  held  in  solution  by  a 
free  mineral  acid,  or  if  it  will  not  bear  the  addition  of  excess 
of  ammonia  without  a  precipitation  taking  place,  as  is  the 
case  with  phosphate  of  lime  for  example,  the  lime  is  best  esti- 
mated as  sulphate,  because,  oxalate  of  lime  being  soluble  in 
mineral  acids,  it  would  be  impossible  to  precipitate  it  from  a 
solution  containing  free  nitric  or  hydrochloric  acid ;  oxalate  of 
lime  is,  however,  insoluble,  or  nearly  so  in  acetic  acid,  and  like- 
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wise  in  oxalie  acid,  Yeiy  accurate  results  may  therefore  be 
obtained  by  adding  to  the  hydrochloric  solution  of  the  lime' 
salt  sufficient  ammonia  to  occasion  a  slight  precipitate,  then  a 
drop  or  two  of  hydrochloric  acid  to  redissolve  this  precipitate, 
then  oxalate  of  ammonia  in  excess,  and  finally,  acetate  o/potMsa, 
a  portion  of  which  becomes  decomposed  by  the  free  hydro- 
chloric acid,  liberating  a  corresponding  quantity  of  aeeHc  or 
oxalic  acid,  in  which,  as  before  obserred,  oxalate  of  lime  is 
almost  entirely  insoluble. 

Separation  ofLimeJrom  Baryta,  Strontia,  and  the  Alkalies, 
(a.)  From  Baryta. — This  is  best  effected  by  adding  to  the 
acid  solution  of  the  two  earths  very  diluted  sulphuric  acid,  as 
long  as  precipitation  occurs ;  if  the  sulphuric  acid  be  suffi- 
ciently dilutea,  no  lime  will  be  precipitated. 

(b.)  From  Strontia, — This  is  effected  with  some  difficulty  ; 
the  only  good  method  is  that  recommended  by  Stromeyer, 
which  is  based  on  the  complete  solubililr?  of  nitrate  of  lime  in 
absolute  alcohol,  and  the  insolubility  of  nitrate  of  strontia  in 
the  same  menstruum.  The  two  earths  are  converted  into  ni- 
trates, excess  of  nitric  acid  being  carefully  avoided,  the  solu- 
tion is  evaporated  to  dryness  in  a  flask  that  can  be  closed,  and 
the  residue  digested  for  several  hours  with  absolute  alcohol, 
being  frequently  shaken ;  the  mixture  is  then  filtered,  and  the 
undissolved  residue  washed  with  alcohol ;  both  earths  are  then 
estimated  as  sulphates. 

(c.)  From  Baryta  and  Strontia. — ^When  all  three  earths  are 
together  in  a  solution,  the  baryta  is  first  precipitated  by  hydro- 
fluosilicic  acid ;  the  lime  and  the  strontia  are  obtained  from  the 
solution  filtered  from  the  silico-fluoride  of  barium  in  the  form 
of  sulphates,  by  the  addition  of  sulphuric  acid  and  evaporation 
to  dryness ;  the  mixed  sulphates  are  fused  in  a  platinum  crucible 
with  three  times  their  weight  of  mixed  carbonates  of  potassa 
and  soda ;  the  fused  mass  is  extracted  with  water,  and  the 
earths  are  thus  obtained  in  the  state  of  carbonates.  They  are 
next  converted  into  nitrates,  and  separated  by  alcohol,  as 
above  directed. 

(d.)  From  the  Mkalies. — ^The  process  for  effecting  this  is 
very  simple;  the  lime  is  separated  by  oxalate  of  ammonia, 
with  the  usual  precautions ;  the  filtered  solution  is  evaporated 
to  dryness,  and  ignited  to  expel  the  ammoniacal  salts ;  the  re- 
sidue is  dissolved  in  water,  and  the  alkalies  determined  ac- 
cording to  the  method  already  described. 
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159.  MAeifEBIUM. 

Oxide  ofMagnesiumy  or  Magnesia^  is  weighed  as  sulphate^  or 
as  pyrophosphate  J  and  sometimes  as  pure  magnesia. 

Quantitative  eitimation  as  Sulphate, — ^The  earth  is  determined 
itL  the  form  of  this  salt  when  no  other  fixed  constituent  is  pre- 
sent ;  the  solution  containing  it,  is  mixed  with  excess  of  sul- 
phuric acid,  evaporated  to  dryness,  and  ignited  in  a  platinum 
crucible ;  the  residue  is  again  treated  with  dilute  sulphuric  acid, 
evaporated  to  dryness,  and  again  gently  ignited ;  the  residue  is 
pure  anhydrous  sulphate  of  magnesia,  the  composition  of  which 

One  equivalent  of  MgO    .    20*16    .     .    33*61 
One  ditto  of  SO3      .     .     .     40-00    .     .     6649 

One  ditto  of  Mg  O ,  S  Oj  .     .    6016    .     .  10000 

Quantitative  estimation  as  Pyrophosphate, — Chloride  of  am- 
monium is  added  to  the  solution,  then  ammonia  in  excess; 
should  a  precipitate  hereupon  occur,  a  fresh  quantity  of  chloride 
of  ammonium  is  added,  by  which  the  precipitate  is  redissolved ; 
solution  of  phosphate  of  soda  is  then  dropped  into  the  mixture  as 
long  as  precipitation  takes  place.  The  whole  is  well  agitated, 
and  allowed  to  repose  for  several  hours:  the  precipitate  is 
collected  on  a  filter,  the  amount  of  ash  fumishea  by  which  is 
known,  and  washed  with  water  containing  about  one-eighth  of 
ammonia,  in  which  the  banc  phosphate  of  magnesia  and  ammonia 
(2MgO,NH^O,FO<  +  24aq.),  is  scarcely  sensibly  soluble ;  the 
washed  salt  is  dried,  and  carefully  ignited,  toj^ether  with  the 
filter;  the  latter  requires  considerable  time  for  incineration, 
which  is  best  effected  by  cutting  in  strips  and  burning  it  on 
the  lid  of  the  crucible.    The  composition  of  the  ignited  salt 


Two  equivalents  of  MgO      .     .    4032    .    .    3622 
One  equivalent  of  PO5     .     .     .    7100    .     .     6378 

Onedittoof2MgO,P05     .     .111*32    .    .10000 

Separation  of  Magnesia  from  Baryta,  Strontia,  Lime,  and  the 
Alkalies : — 

(a.)  From  Baryta  and  Strontia, — The  two  latter  earths  are 
precipitated  by  carbonate  of  ammonia,  a  sufficient  quantity 
jof  chloride  of  ammonium  having  previously  been  added  to  the 
|K>lution  to  prevent  the  precipitation  of  the  magnesia:  the  pre- 
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cipitated  carbonates  of  baiyta  and  strontia  are  dissolved  in  hy- 
drochloric acid,  and  the  baryta  separated  from  the  strontia  by 
hydroflno-silicic  acid ;  the  magnesia  is  determined  in  the  filtrate 
as  pyrophosphate ;  if  no  strontia  be  present,  the  baryta  may  be 
precipitated  as  sulphate. 

(b.)  From  Lime. — There  are  several  methods  of  effecting  this. 
1st,  by  oxalate  of  ammonia :  Chloride  of  ammonium  is  added  to 
the  solution  of  the  two  earths,  then  slight  excess  of  ammonia; 
the  lime  is  then  precipitated  by  oxalate  of  ammonia,  with  the 
proper  precautions,  and  the  magnesia  in  the  filtrate  determined 
as  pyrophosphate.  2nd,  by  au^kate  of  lime :  For  this  purpose 
the  two  earths  must  bo  in  the  state  of  sulphates  ;  the  mixture 
having  been  ignited,  is  digested  with  a  saturated  solution  of 
sulphate  of  lime,  and  the  insoluble  residue  washed  on  a  filter 
witn  the  same  salt ;  the  whole  of  the  sulphate  of  magnesia  is 
thus  removed,  the  sulphate  of  lime,  being  quite  insoluble  in  a 
saturated  solution  of  sulphate  of  Ume,  remaining  on  the  filter ; 
it  is  heated  to  redness  and  weighed,  and  from  the  difierence  in 
weight,  before  and  after  the  operation,  the  amount  of  sulphate 
of  magnesia  is  calculated.  8rd,  by  chlorate  of  potato :  The 
hydrochloric  solution  of  the  two  earths  is  evaporated  to  dryness^ 
and  ignited  in  a  platinum  cruciblo,  chlorate  of  potassa  is  then 
added  in  small  quantities  at  a  time,  until  the  evolution  of 
chlorine  ceases.  The  mass  on  cooling  is  extracted  with  water, 
which  dissolves  the  chloride  of  calcium,  and  leaves  a  residuum 
of  pure  magnesia,  the  chloride  of  magnesium  having,  under  the 
influence  of  heat,  aided  by  the  chlorate  of  potassa,  been  com- 
pletely decomposed :  the  lime  is  determined  in  the  aqueous 
solution  by  oxalate  of  ammonia. 

(c.)  From  the  Alkalies  .•— 

I.  Serzelitu's  method, — ^The  bases  are  brought  to  the  state 
of  chlorides,  to  a  concentrated  solution  of  which,  finely  powdered 
and  perfectly  pure  red  oxide  of  mercury  is  added  in  excess ; 
mutiuil  decomposition  of  the  chloride  of  magnesium  and  of  the 
oxide  of  mercury  takes  place,  chloride  of  mercury  being  formed, 
which  combines  with  the  alkaline  chlorides,  forming  a  soluble 
double  salt,  and  magnesia,  which  remains  undissolved,  on  ex- 
tracting the  evaporated  and  ignited  mass  with  water.  The 
solution,  filtered  from  the  magnesia,  is  evaporated  to  dryness, 
and  heated,  to  expel  the  chloride  of  mercury:  the  alkaline 
chlorides  alone  remain,  which  are  separated  from  each  other  as 
directed  (page  259} ;  the  magnesia  may  be  contaminated  witk 
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iindecomposed  oxide  of  mercaiy,  from  which,  however,  it  is 
readily  freed  by  heat.  This  method  is  well  adapted  for  the 
the  analysis  of  mineral  waters,  soiU,  etc. 

II.  Liehw^s  method. — This  also  gives  accurate  results ;  baryta- 
water  is  added  to  the  hydrochloric  solution  to  alkaline  reaction, 
magnesia  is  thereby  precipitated,  baryta  being  a  stronger  base 
than  magnesia,  in  consequence  of  which  it  deprives  it  of  its 
electro-negative  element ;  to  the  solution,  filtered  from  the  pre- 
cipitated magnesia,  carbonate  of  ammonia,  mixed  with  caustic 
ammonia,  is  added,  the  excess  of  baryta  is  thereby  removed, 
and  is  filtered  off ;  the  alkalies  are  contained  in  the  filtrate  in  the 
form  of  chlorides,  and  are  separated  from  each  other  in  the 
usual  manner. 

III.  SonnescheirCs  method  (Poggendorff 's  *  Annalen,'  74,  p. 
813).'— The  compounds  to  be  separated  are  converted  in  the 
usual  manner  into  chlorides,  which  are  evaporated  to  dryness, 
and  then  heated  to  faint  redness,  when  any  ammoniacal  salt  con- 
tained in  the  solution,  as  well  as  a  portion  of  tlie  hydrochloric 
acid  combined  with  the  magnesium,  escapes.  When  the  dry  mass 
is  cool,  water  is  poured  over  it,  it  is  then  boiled  with  earhonate 
of  silver  until  the  liquid  has  a  strong  alkaline  reaction.  The 
boiling  is  continued  for  about  ten  minutes,  stirring  the  whole 
time,  when  the  decomposition  is  complete.  The  solution  is  then 
filtered  as  hot  as  possible,  and  the  precipitate  washed  with  hot 
water.  The  filtered  liquid  now  contains  only  the  alkalies,  and 
a  trace  of  the  silver  salt,  which  is  removed  by  hydrochloric  acid, 
and  the  alkalies  are  then  determined  in  the  usual  manner.  The 
residue  left  upon  the  filter  is  digested  with  hydrochloric  acid, 
and,  after  removing  the  chloride  of  silver,  the  magnesia  is  pre- 
cipitated in  the  usual  manner  with  phosphate  of  soda  and  am- 
monia. The  carbonate  of  silver  is  best  prepared  by  carefully 
precipitating  nitrate  of  silVer  with  carbonate  of  ammonia ;  after 
subsidence,  the  precipitate  is  easily  freed  from  the  ammo- 
niacal salt  by  the  frequent  addition  of  water,  and  decanta- 
tion.  It  is  not  necessary  to  filter  it,  as  the  moist  precipitate 
is  more  easily  decomposed. 

IT.  Heints^s  method  (Poggendorff's  *  Annalen,'  73,  p.  119). 
— The  solution  containing  the  three  bases  is  supersaturated 
with  ammonia,  and  if  it  contain  no  chlorides  a  few  drops  of 
chloride  of  ammonium  are  added.  Should  a  troubled  appear- 
ance arise  in  the  liquid,  it  is  treated  with  solution  of  chloride  of 
ammonium  until  this  vanishes.    The  magnesia  is  thou  precipi- 
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tated  by  pbospbafte  of  ammonia,  the  precipitate  washed  mth 
ammoniacal  water,  dried,  heated  to  redness,  and  weighed.  The 
free  ammonia  in  the  filtrate  having  been  partly  removed  bj 
boiling,  the  phosphoric  acid  is  precipitated  at  the  boiling  tem- 
perature by  nitrate  or  acetate  of  lead.  Wlien  an  excess  of  the 
lead  salt  has  been  used,  a  solution  of  carbonate  of  ammonia, 
containing  free  ammonia,  is  added  to  the  hot  liquid,  which  is 
then  allowed  to  stand  for  a  few  minutes;  it  is  subsequently 
filtered,  and  the  amount  of  potash  and  soda  contained  in  the 
filtrate  is  ascertained  by  the  usual  methods.  It  is  essential 
that  some  chloride  should  be  present  in  the  solution  in  order 
that  a  compound  of  chloride  and  phosphate  of  lead  may  be 
produced,  from  which  ammonia  cannot  extract  any  phosphoric 
acid. 

T.  Watts^s  method. — This  consists  in  precipitating  the  mag* 
nesia  by  a  known  weight  of  carbonate  oi  soda,  using  consider* 
able  excess,  then  boiling  and  filtering,  treating  the  f^trate  with 
ft  slight  excess  of  acid,  evaporating  to  dryness,  and  igniting  the 
residue  to  render  it  neutral,  weighing  the  neutral  salt  thus  ob- 
tained, and  making  the  proper  correction  for  the  quantity  of 
soda-salt  introduced.  To  ensure  accuracy,  the  solution,  after 
the  addition  of  the  carbonate  of  soda,  must  be  well  boiled  for 
at  least  half  an  hour,  in  order  to  decompose  a  difficultly  soluble 
double  carbonate  of  soda  and  magnesia,  which  is  formed  on  the 
first  addition  of  the  alkaline  carlK^nat«.  The  carbonate  of  soda 
must  likewise  be  added  in  considerable  excess,  otherwise  the 
precipitation  will  not  be  complete.  The  precipitate  of  carbo* 
nate  of  magnesia  must  be  washed  with  boiling  water,  and  the 
washing  not  too  long  continued,  the  carbonate  not  being  com- 
pletely insoluble.  The  washing  should  be  discontinued  as  soon 
as  the  wash-water  ceases  to  giye  a  distinct  alkaline  reaction : 
when  this  takes  place,  the  water  begins  to  dissolve  the  carbo- 
nate of  magnesia.  (Quart.  Joum.  Chem.  Soc.) 

Ti.  Ubelmen^s  method. — To  the  solution  of  the  mixed  sul- 
phates, recently  prepared  carbonate  of  baryta  is  added,  and 
then  a  stream  of  carbonic  acid  passed  through  the  liquid  till  it 
contains  a  portion  of  the  baryta  in  solution  in  the  form  of  bi- 
carbonate, which  period  is  known  by  filtering  a  few  drops  of 
the  liquid,  and  adding  one  drop  of  exceedingly  dilute  sulphuric 
acid,  if  a  cloudiness  is  produced,  the  liquid  can  contain  no  sul- 
phate in  solution.  It  is  then  filtered,  and  the  filtrate  evaporated 
to  dryness  at  a  pretty  high  temperature,  in  order  to  reduce  the 
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>^hole  to  the  state  of  nentral  carbonates ;  the  residue  is  treated 
with  a  small  quantity  of  boiling  water,  which  dissolves  only  the 
alkaline  carbonates.  (Ann.  de  Chim.  et  Phys.  Koy.  1859.) 

Tii.  JReynoso's  method*  (*  Comptes  Bendus,'  Ivi.  No.  18.) — 
Erom  the  liquid  acidulated  with  nitric  acid,  the  lime  (if  pre- 
sent) is  precipitated  by  the  addition  of  ammonia  and  oxalate  of 
ammonia.  To  the  filtered  liquid,  phosphate  of  ammonia  or 
phosphoric  acid  alone  is  added,  and  the  ammonio-magnesiau 
phosphate  collected.  The  filtrate  is  evaporated  to  dryness  and 
calcined  to  get  rid  of  the  ammoniacal  salts,  and  the  potassa  and 
soda  remain  united  with  phosphoric  acid  only.  ■  To  ensure  ac^ 
curacy,  the  calcined  residue  should  be  again  treated  with  nitric 
acid  and  again  evaporated  te  dryness  and  ignited;  it  is  then 
treated  in  a  flask  with  a  large  excess  of  tin  and  nitric  acid ;  the 
phosphoric  acid  is  hereby  eliminated ;  it  is  filtered,  and  the  fil- 
trate concentrated;  the  residuum  composed  of  nitrates  of  potassa 
and  soda  is  calcined  till  completely  decomposed,  and  as  soon  as 
the  capsule  is  cold,  the  caustic  alkalies  are  weighed,  or  trans- 
formea  into  carbonates,  after  which  they  are  converted  into 
chlorides  and  separated  by  bichloride  of  platinum. 


GBOUP  in. 


Aluminum^  Gluoinximy  Yttrium,  Thorinuniy  Ziroonium, 

Chromium. 

160.  Aluminum. 

Sesquioxide  of  Aluminum,  or  Alumina,  is  precipitated  from  its 
solutions  by  ammonia,  or  carbonate  of  ammonia,  chloride  of 
ammonium  having  been  previously  added  and  heat  applied.  The 
precipitate,  which  is  ver^  bulky,  requires  long-continued  wash- 
ing with  hot  water ;  its  ignition  must  be  carefully  performed  in 
order  to  avoid  loss  by  spirting.  It  shrinks  very  much  in  dry^ 
ing.    Its  composition  is — 

Two  equivalents  of  Al      .    .    27-4  .     .    63-82 
Three  ditto  of  0      ....    240  .     .    4668 

One  ditto  of  AI2O3      .    .    .    51-4  .    .  100-00 

It  is  never  weighed  in  any  other  form,  than  as  pure  alumina. 
The  washing  of  precipitated  alumina  is  greatly  facilitated  by 
allowing  it  to  dry  slightly  on  the  filter  before  commencing 
washing. 
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Separation  of  Alumina  from  the  Alkaline  Earths  and  Al- 
kalies,— To  the  hydrochloric  solution  of  the  mixture,  chloride 
of  ammonium  is  added,  then  ammonia  quite  free  from  carbonic 
acid ;  the  alumina  is  precipitated,  carrying  with  it  a  little  mag- 
nesia ;  it  must  he  separated  by  filtration  as  rapidly  as  possible, 
the  funnel  being  covered  with  a  glass  plate  to  prevent  the  ac- 
cess of  carbonic  acid,  which  would  determine  the  precipitation 
of  the  earthy  carbonates ;  the  precipitate  on  the  filter  is  well 
washed  with  hot  water,  it  is  then,  while  still  moist,  dissolved 
in  hydrochloric  acid,  and  boiled  with  excess  of  pure  potassa ; 
the  smaU  quantity  of  magnesia  remains  undissolved,  and,  hav- 
ing been  separated  from  the  alkaline  ley  by  filtration,  it  is  well 
washed,  dissolved  in  a  small  quantity  of  hydrochloric  acid,  and 
added  to  the  solution  containing  the  alkaline  earths  and  the 
rest  of  fche  magnesia.  The  potassa  ley  contains  the  whole  of 
the  alumina,  which  is  precipitated  by  adding  excess  of  hydro- 
chloric acid,  and,  finally,  supersaturating  with  ammonia ;  the 
alkaline  eaiths  and  alkalies  are  separated  from  each  other  in 
the  manner  directed  in  the  last  section.  The  success  of'  this 
process  depends  on  the  freedom  of  the  ammonia  from  carbonic 
acid,  and  on  the  rapid  filtering  and  careful  washing  of  the  precipi- 
tated alumina.  If  alumina  has  to  be  separated  from  baryta  omv, 
the  latter  earth  may  efiectually  be  removed  by  sulphuric  acid. 

Separation  of  Alumina  Jrom  Lime  only. — The  alumina  is  pre- 
cipitated by  ammonia  free  from  carbonic  acid,  with  the  precau- 
tions just  prescribed ;  and  the  lime  in  the  filtrate  is  precipitated 
by  oxalate  of  ammonia. 

Separation  of  Alumina  from  Magnesia  alone.-^This  may  be 
effected  by  either  of  the  following  methods : — If  the  quantity 
of  magnesia  be  small,  the  mixture  of  the  two  earths  may  be 
dissolved  in  hvdrochloric  acid,  excess  being  avoided,  and  the 
solution  boiled  with  excess  of  caustic  potassa,  by  which  the 
alumina  is  dissolved,  magnesia  remaining  behind.  If  the  quan- 
tity of  magnesia  be  considerable,  chloride  of  ammonium  is 
added  to  the  hydrochloric  solution  of  the  two  earths,  and  the 
alumina  is  precipitated  bj  ammonia ;  but,  as  it  carries  with  it 
a  small  quantity  of  magnesia,  it  must  be  redissolved  in  hydro- 
chloric acid  and  treated  with  caustic  potassa  as  above ;  it 
is  not  safe  to  treat  at  once  the  hydrochloric  solution  of 
the  earths  with  excess  of  caustic  potassa  when  the  quantity 
of  magnesia  is  considerable,  it  being  in  this  case  very  dif- 
cult  to  separate  them  by  an  alkaline  ley.    The  best  method 
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of  separating  alumina  irom  magnesia  is  probably  to  preci- 
pitate the  former  by  bicarbonate  of  potassa,  and  to  estimate 
tbe  magnesia  in  the  filtrate  as  pyrophosphate  of  magnesia; 
the  alumina  precipitated  in  this  manner  carries  with  it  a 
portion  of  potassa,  which  it  is  almost  impossible  to  remove  by 
washing ;  it  must  therefore  be  redissolved  in  hydrochloric  acid 
and  reprecipitated  by  carbonate  of  ammonia. 

Separation  of  Alumina  from  Lime  and  Magnesia,  (Bose). — 
Instead  of  being  careful  to  employ  ammonia  Iree  from  carbonic 
acid  and  avoiding  the  presence  of  this  gas,  the  liquid  in  which 
the  alumina  has  been  precipitated  by  excess  of  ammonia  is 
heated  to  ebullition.  When  the  evolution  of  ammonia  ceases, 
all  the  alumina  is  in  the  precipitate,  and  may  be  separated  by 
filtration  without  requiring  any  special  precaution,  for  the 
simple  reason  that  in  the  presence  of  ammoniacal  salts  the  car- 
bonate of  lime  is  decomposed,  the  lime  entering  into  solution  ; 
a  little  chloride  of  ammonium  may  be  added  if  niere  is  a  chance 
of  there  not  being  sufficient  to  favour  this  decomposition. 
When  the  lime  is  present  in  small  quantities  only,  tartaric  acid 
may  be  added,  and  the  solution  then  supersaturated  with  am- 
monia. The  lime  is  precipitated  in  the  form  of  tartrate  if  there 
be  only  a  little  alumina  present,  otherwise  it  remains  in  solu* 
tion,  but  can  be  perfecUy  separated  in  the  form  of  oxalate. 
When  magnesia  is  present,  the  tartaric  acid  process  may  also 
be  used,  the  lime  being  precipitated  first  by  oxalic  acid,  and 
then  the  magnesia  in  the  state  of  ammonio-magnesian  phos-^ 
phate,  but  traces  of  alumina  are  carried  down  with  the  mag* 
nesia. 

161.  Gluoiitum. 

Oxide  ofGhicinum,  or  Glucina,  like  altwiina,  is  only  weighed 
in  its  pure  form,  as  precipitated  from  its  solution  by  eausiie 
ammonia.    Its  composition  is — 

One  equivalent  of  Gl     .     .     .    466  .     .     36*9 
One  ditto  of  O 8-0    .     .     631 

One  ditto  of  GIO      ....  1266  .     .  1000 

Separation  of  Glucina  from  Alumina, — Three  methods  have 
been  proposed.  The  j^r«^  depends  on  the  solubility  o^  glucina 
in  carbonate  of  ammonia,  and  the  insolubility  of  ahmina  in 
that  reagent.  The  solution  containing  the  two  earths  is  mixed 
in  a  flask  with  a  very  considerable  excess  of  a  concentrated  so- 


288  QUANTITATIYK  ANALYSIS. 

lution  of  carbonate  of  ammonia,  the  flask  is  closed,  and  occa* 
sionallj  shaken ;  when  it  is  observed  that  the  precipitate  ceases 
to  diminish  in  bulk,  the  alumina  is  separated  oy  mtratton,  and 
the  filfcrate  evaporated  to  dryness,  and  ignited,  to  expel  the  am- 
moniacal  salts ; .  the  residue,  provided  no  other  base  or  fixed 
acid  be  present,  is  pure  fflucina :  or  both  the  earths  may  be  to* 
gether  precipitatea  by  ammonia,  and  the  precipitate  digested 
with  carbonate  of  ammonia  till  the  glucina  is  entirely  dissolved. 

The  second  method  is  to  dissolve  both  earths  in  a  hot  and 
concentrated  solution  of  caustic  potassa,  to  allow  the  ley  to 
cool,  and  then  to  dilute  it  considerably  with  water,  and  again 
boil ;  the  glucina  is  in  this  manner  precipitated,  while  the  alt^ 
mina  remains  in  solution. 

The  third  method  is  that  proposed  by  Berthier.  The  earths 
are  dissolved  in  sulphuric  acid,  the  solution  concentrated,  and 
sulphate  of  ammonia  added,  which  causes  the  separation  of  the 
greater  portion  of  the  alumina  in  the  form  of  an  alum :  to  the 
aecantea  and  diluted  liquid,  sulphite  of  ammonia  is  added,  and 
it  is  boiled  until  sulphurous  acid  ceases  to  be  liberated ;  the 
alumina  is  entirely  precipitated,  and  the  glucina  remains  in  so- 
lution, and  may  afterwards  be  precipitated  by  ammonia :  or  both 
earths  may  be  together  precipitated  by  ammonia,  and,  while 
moist,  treated  with  sulphurous  acid,  which  redissolves  both,  but 
on  boiling  the  solution,  the  alumina  is  completely  precipitated. 

The  separation  of  glucina  from  lime,  magnesia,  and  the  alka^ 
lies,  is  effected  in  the  same  manner  as  the  separation  of  alu- 
mina. 

162.  Tttbium. 

Oxide  of  Yttrium,  or  Yttria,  is  weighed  as  the  pure  earth,  in 
which  state  it  is  precipitated  by  caustic  alkalies ;  it  must,  how- 
ever, be  observed,  that  when  it  is  dissolved  in  nitric  or  sulphu- 
ric acid,  potassa  must  be  the  precipitant  employed  ;  in  the  lat- 
ter case  it  is,  according  to  Wohler,  almost  impossible  to  procure 
it  free  from  sulphate  of  potassa.     Its  composition  is — 

One  equivalent  of  Y    ....    82.  .     .     800 
One  ditto  of  O ^    •    •   ?^ 

One  ditto  of  TO 40   .     .1000 

Separation  of  Yttria  from  Alumina  and  Olucina, — This  is 
easily  accomplished  by  digesting  the  mixture  of  the  three  earths 
in  caustic  potassa  in  which  yttria  is  insoluble. 
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Separation  of  Yttriajrom  Magnesia  and  the  Alkalies. — From 
magnesia,  yttria  is  separated  by  caustic  ammonia,  chloride  of 
ammonium  having  been  previously  added  to  the  solution ;  from 
the  alkalies  it  is  separated  precisely  in  the  same  manner  as 
alumina. 

163.  Thobutuh. 

Of  Oaide  of  Thorinum,  or  Carina,  little  is  known :  from  alu^ 
mina  it  is  distinguished  by  its  insolubility  in  caustic  potassa, 
and  as  it  is  completely  precipitated  from  its  solutions  by  am- 
monia, even  in  tne  presence  of  chloride  of  ammonium,  it  may 
thus  be  separated  from  magnesia  and  lime.  Thorina  forms, 
with  sulphate  of  potassa  a  double  salt,  quite  insoluble  in  sul- 
phate of  potassa ;  this  salt  may,  therefore,  be  employed  to  sepa* 
rate  it  from  most  other  substances,  but  it  must  be  concen- 
trated and  in  excess ;  the  double  salt,  after  being  washed,  is 
dissolved  in  boiling  water,  and  the  thorina  precipitated  by  cau- 
stic potassa.     Its  composition  is — 

One  equivalent  of  Th    .     .     .     59*5  .     .     8815 
One  ditto  of  O _8;0  .     .     11'85 

One  ditto  of  ThO     .    .     •    .    67  5.     .100  00 

164.   ZlBGOKIUM. 

Oncide  of  Zirconium,  or  Zirconia,ia  precipitated  from  its  solu- 
tion by  ammonia  and  by  caustic  potassa ;  the  latter  is  the  best 
precipitant,  the  former  often  throwing  down  subsalts  instead  of 
the  pure  earth.  Sulphate  of  potassa  added  in  crystals  and  in 
sufficient  quantity  to  saturate  the  liquid,  which  must  be  first 
completely  neutralized  by  potassa,  throws  down  the  whole  of 
the  earth  in  the  form  of  a  double  salt ;  it  must  be  washed  with 
water  containing  ammonia,  and  then  boiled  with  caustic  potassa, 
which  leaves  hydrate  of  zirconia  in  a  pure  state.  Its  compo- 
sition is — 

One  equivalent  of  Zr       .     4475     .     .     .     78-66 
Two  equivalents  of  O .     .     1600     .     .     .     26-84 

One  equivalent  of  ZrOg    60-75     .     .     .   100  00 

The  solubility  of  zirconia  iu  bicarbonate  of  potassa  afibrds 
a  means  of  separating  it  from  alumina,  but  an  accurate  method 
of  separating  it  from  ifffria  and  glucina  remains  to  be  dis- 
covered. 
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165.  Chbomiitm. 

Sesquioxide  of  Chromium  is  usually  estimated  quantitatively 
in  its  pure  state ;  the  solution  containing  it,  is  heated  to  the 
boiling  temperature,  and,  ammonia  being  added  in  slight  excess, 
it  is  boiled  for  about  half  an  hour,  or  until  the  solution  is  per- 
fectly colourless  ;  the  precipitate  is  collected  on  a  filter,  washed 
with  boiling  water,  dried,  and  ignited.     Its  composition  is 

Two  equivalents  of  Cr      .     52-6     .     .     .     68-67 
Three  ditto  of  O     .     .     .     24;0     .     .     .    31-33 

One  equivalent  of  CrgOj      766     .     .     .  10000 

The  ignition  of  this  oxide  must  be  performed  with  care,  as  at 
a  particular  temperature  it  suddenly  becomes  incandescent  with 
a  sort  of  explosion,  whereby  a  poition  may  be  projected  from 
the  crucible.     The  crucible  should  be  closed  with  its  cover. 

When  chromium  exists  in  a  solution  in  the  form  of  chromic 
acid,  it  may  be  estimated  as  chromate  of  baryta  or  as  chromate  of 
lead,  by  adding  respectively  nitrate  of  baryta  or  nitrate  of  lead 
to  the  solution ;  it  may  also  be  precipitated  by  subnitrate  of 
mercury,  the  resulting  chromate  being  decomposed  by  ignition 
into  mercury,  oxygen,  and  oxide  of  chromium ;  from  the  weight 
of  the  latter  the  quantity  of  chromic  acid  may  be  calculated ; 
it  is  better,  however,  to  reduce  the  chromic  acid  to  oxide  of 
chromium  in  the  solution  previous  to  precipitating  it,  which  is 
done  by  concentrating  the  solution  and  boiling«it  with  excess 
of  hydrochloric  acid,  mixed  with  alcohol,  till  the  liquid  as- 
sumes a  pure  green  colour.  The  reduced  oxide  of  chromium 
is  precipitated  by  ammonia,  after  the  excess  of  alcohol  has  been 
expelled  by  a  gentle  heat. 

Estimation  of  Chromium  in  its  compounds : — 

I.  VohPs  method  (Liebig's  'Annalen,'  Sept.  1847.)— This 
method  is  applicable  to  the  determination  of  the  metal,  whether 
occurring  in  the  form  of  oxide,  or  as  chromic  acid,  but  when  the 
metal  exists  as  oxide  of  chromium,  it  must  in  the  first  place  be 
converted  into  chromic  acid.  The  process  depends  on  the  con- 
version  of  oxalic  into  carbonic  acid,  by  ^he  oxygen  furnished  by 
the  reduction  of  chromic  acid  into  oxide  of  chromium ;  thus — 

2(Cr03)-h3(C803)  =  Cra03  +  6C02 
Por  each  equivalent  of  chromic  acid,  three  equivalents  of  car- 
bonic acid  are  formed,  or  66  parts  by  weight  for  503  parts  of 
chromic  acid.     To  determine  the  amount  of  carbonic  acid,  the 
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author  employs  the  alkalimetrical  apparatus  of  Eresenius  and 
Will  (page  268).  If  merely  the  chromium  has  to  be  determined, 
any  oxalate  may  be  taken,  but,  if  the  alkalies  are  to  be  deter- 
mined in  the  residuary  liquid,  oxalate  of  ammonia  or  baryta  is 
employed.  The  analysis  is  very  simple :  when  the  chromium 
exists  in  the  compound  in  the  lorm  of  acid,  the  salt  is  taken 
just  as  it  is,  and  the  process  is  precisely  the  same  as  in  the 
analysis  of  manganese  ores  (to  be  described  further  on).  If  the 
salt  is  a  chloro-chromate,  before  allowing  the  sulphuric  acid  to 
pass  over,  oxide  of  mercury  must  be  mixed  with  the  salt,  to 
prevent  the  elimination  t>f  chlorine  or  hydrochloric  acid :  after 
the  operation,  the  amount  of  chlorine  can  be  determined  from 
the  chloride  of  mercury  by  nitrate  of  silver,  and  th^  quantity  of 
chloro-chromic  acid  contained  in  the  salt  calculated  from  it. 

The  determination  is  less  simple  when  the  salt  contains 
oxide  of  chromium.  In  the  first  place,  the  oxide  must  be  con- 
verted into  chromic  acid,  and  this  is  best  effected  in  the  follow- 
ing manner : — The  salt  to  be  examined  is  dissolved  in  water, 
and  caustic  potassa  added  to  it  until  the  whole  of  the  hydrated 
oxide  of  chromium  has  redissolved ;  upon  which,  keeping  the 
solution  cold,  chlorine  is  passed  into  it  until  the  green  colour 
is  changed  into  a  yellowish-red  one :  an  excess  of  potassa  is 
now  added  to  this  liquid,  which  is  evaporated  in  the  water- 
bath,  and  heated  to  famt  redness  in  a  platinum  crucible.  The 
whole  of  the  chlorate  of  potassa  is  decomposed,  chromate  of 
potassa  and  chloride  of  potassium  remaining ;  these  are  dis- 
solved, transferred  with  oxide  of  mercury  into  the  apparatus, 
and  the  operation  conducted  as  with  chromates.  The  amount 
of  oxide  of  chromium  can  be  easily  calculated  from  the  quantity 
of  carbonic  acid  which  has  escaped ;  6  equivalents  of  carbonic 
acid  are  set  free  for  each  equivalent  of  oxide  of  chromium : — 

Crg03  +  05=2Cr03 
2(CrOo)+8(C80.)  =  Cr208  +  6C02 

In  analysing  a  stut  in  which  Doth  chromic  acid  and  oxide  of 
chromium  occur,  two  determinations  must  be  made.  In  the 
first  place,  the  carbonic  acid  which  the  salt  yields  as  it  is,  is  deter- 
mined, and  the  chromic  acid  calculated  from  the  amount ;  upon 
which  the  liquid  is  treated  as  a  salt  of  the  oxide,  the  quantitv 
of  carbonic  acid  first  obtained  subtracted  from  that  last  obtained, 
and  the  amount  of  oxide  of  chromium  calculated  from  the  dif- 
ference. 

This  method  will,  according  to  M.  Yoh),  render  it  possible 
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for  ever}'  one  to  submit  to  analysis  those  compounds  of  chro« 
mium  which  occur  so  frequently  adulterated  in  commerce. 

II.  JBunsen'g  method. — When  a  chromate,  e.g.  bichromate  of 
potassa,  is  boiled  with  excess  of  fuming  hydrochloric  acid,  eveiy 
2  at.  of  chromic  acid  eliminate  3  at.  of  chlorine : — 

KO,2CrOs  +  7HCl  =  CraOl3  +  7HO  +  KCl-hCl8. 
The  decomposition  is  rapid  and  complete,  and  on  it  Bunsen  has 
founded  a  volumetric  process  for  analysing  chromates.  The 
decomposition  of  the  salt  is  effected  in  a  small  flask,  having  a 
gas  delivery  tube,  which  conducts  the  evolved  chlorine  into  a 
solution  of  iodide  of  potassium,  3  equivalents  of  iodine  are  set 
free,  which  are  estimated  by  means  of  a  standard  solution  of 
sulphurous  acid.  Q  Journal  of  the  Chemical  Society,*  vol.  viii. 
p.  227.) 

III.  Schwartzes  method. — The  whole  of  the  chromium  is  con- 
verted into  chromic  acid,  and  when  oxide  of  chromium  is  pre- 
sent it  is  oxidized  by  fusion  with  hydrate  and  chlorate  of  potash. 
The  chromic  acid  is  then  reduced  to  sesquioxide  of  chromium 
by  a  known  quantity  of  protoxide  of  iron ;  the  quantity  which 
remains  unoxidized  after  the  operation  being  determined  accord- 
ing to  Marguerite's  method  (see  Ibok)  by  a  standard  solution 
of  permanganate  of  potassa ;  the  difference  between  the  protoxide 
of  iron  left,  and  that  consumed,  gives  the  amount  of  protoxide 
oxidized  by  the  chromic  acid,  thus — 

GFeO  +  2Cr03==3Fe20s  + CrOj. 
From  this  formula  the  quantities  of  chromium,  sesquioxide  of 
chromium  and  chromic  acid  may  be  determined :  1*000  iron 
corresponds  to  0*3143  chromium,  to  0'4571  sesquioxide,  and  to 
0'600  chromic  acid. 

Analysis  of  Chrome  Ores, — ^Eight  or  ten  grains  of  the  ore 
reduced  to  an  impalpable  powder  are  put  into  a  platinum 
crucible,  and  covered  with  ten  or  twelve  times  the  weight  of  bi- 
sulphate  of  potassa ;  the  crucible  is  carefully  heated  for  about 
fifteen  minutes  to  about  the  temperature  of  the  fusing-point  of 
the  bisulphate,  then  raised  to  low  redness,  at  which  tempera- 
ture it  is  kept  for  another  quarter  of  an  hour;  the  mass  enters 
into  quiet  fusion,  and  vapours  of  sulphuric  acid  are  evolved 
freely.  The  temperature  is  gradually  raised  until  the  whole  is 
in  perfect  fusion.  To  the  fused  mass  about  50  grains  of  pure 
carbonate  of  soda  are  added,  and  the  mixture  is  again  fused  at 
as  low  a  temperature  as  possible,  pure  nitre  being  added  by 
degrees  in  quantity  equal  to  that  of  the  carbonate  of  soda. 
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The  crucible  is  kept  at  a  low  red-heat  for  about  an  hour,  and 
then  raised  to  a  bright  red-heat,  at  which  it  is  kept  for  a  quarter 
of  an  hour  longer.  When  cold  the  fused  mass  is  dissolved  in 
boiling  water,  filtered  whilst  boiling  hot,  and  the  residue  on  the 
filter  washed  with  boiling  water.  If  this  residue  should  con- 
tain any  un decomposed  ore,  it  must  be  again  fused  as  before 
with  bi sulphate  of  potash,  carbonate  of  soda,  and  nitre.  The 
filtrate  contains  the  whole  of  the  chromium  as  chromate  ofpota%\ 
together  with  small  quantities  of  silicic  acid,  almnina,  ana  some- 
tin)  es  titanic  and  manganic  acids.  Excess  of  nitrate  of  ammonia 
is  added,  and  the  solution  is  evaporated  nearly  to  dryness  on 
the  water-bath,  until  all  the  liberated  ammonia  has  been  ex- 
pelled, water  is  now  added,  and  the  precipitate,  if  any,  is  filtered 
off:  the  filtrate  is  made  strongly  acid  with  sulphurous  acid, 
carefully  heated  to  boiling,  precipitated  with  slight  excess  of 
ammonia  boiled  for  a  few  minutes  and  filtered.  The  thorough 
washing  of  the  chromic  oxide  is  not  easy.  Genth  (Chem. 
News,  No.  137)  finds  it  succeed  best  in  the  following  way : — 
After  the  precipitate  has  settled,  the  clear  liquid  is  passed 
through  the  filter,  then  boiling  water  is  added  to  tne  precipitate, 
and  after  settling,  the  supernatant  liquid  is  filtered,  the  preci- 
pitate is  then  thrown  on  the  filter,  and  washed  twice  or  three 
times  with  boiling  water ;  it  is  then  washed  back  again  into  the 
dish,  and  boiled  with  water,  until  the  little  lumps  which  clog 
together  are  completely  broken  up ;  it  is  then  filtered,  and  this 
operation  is  repeated  until  the  wash-waters  do  not  show  the 
presence  of  any  sulphates  by  chloride  of  barium.  The  precipi- 
tate is  then  dried  and  burned,  after  which  it  is  again  boiled 
with  water  to  which  a  few  drops  of  sulphurous  acid  have  been 
added,  then  ammonia  added,  and  the  precipitate  washed,  dried, 
ignited,  and  weighed.  By  this  mode  of  analysis,  Dr.  Genth 
states  that  the  chromic  oxide  is  obtained  quite  pure,  and  that 
two  analyses  of  the  same  sample  will  not,  if  the  process  be  care- 
fully conducted,  vary  more  than  025  per  cent. 

Separation  of  Oxide  of  Chromium  from  Alumina,  the  Alkaline 
Earths,  and  the  Alkalies : — 

(a.)  From  Alumina. — ^The  usual  method  is  to  fuse  the  mixture 
of  the  two  oxides  with  twice  its  weight  of  carbonate  of  soda,  and 
twice  and  a  half  of  its  weight  of  nitre,  the  oxide  of  chromium  be- 
comes converted  into  alkaline  chromate,  which  is  extracted  with 
water,  and  the  alumina  which  remains  undissolved  is  freed  from 
alkali  by  dissolving  in  hydrochloric  acid,  and  precipitating  by 
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ammonia.  According  to  Dr.  Schaffhaeutl,  however,  a  portion  of 
alumina  in  this  process  always  dissolves  along  with  the  alkaline 
chromate ;  he  tnerefore  recommends  to  convey  the  precipitate 
obtained  by  adding  ammonia  to  *the  solution  containing  the 
two  oxides  into  a  hot  concentrated  solution  of  caustic  potassa, 
and  to  boil  the  whole  down  till  near  solidification ;  when  quite 
cold,  water  is  added,  and  the  whole  of  the  alumina  dissolves 
without  carrying  with  it  a  trace  of  oxide  of  chromium. 

(b.)  From  the  AlkiUine  Earths. — This  is  also  effected  by 
fusing  the  mixture  with  carbonate  of  soda  and  nitre,  the  earths 
are  thus  obtained  in  the  form  of  carboaates,  and  are  separated 
from  each  other  according  to  the  instructions  given  (page  280). 

(c.)  jFVam  the  Alkalies. — The  oxide  of  chromium  is  precipi- 
tated by  ammonia,  sal-ammoniac  having  previously  been  added 
to  the  solution.  The  alkalies  are  determined  in  the  filtrate  ac- 
cording to  the  directions  given  (pp.  259  et  seq.). 


GBOiJP  rv. 

ZinOf  Niokely  Cobalt^  Manganese,  Iron. 

166.  Zing. 

Oxide  of  Zvnc  is  precipitated  from  its  solutions,  for  the  pur- 
pose of  quantitative  estimation,  by  a  fixed  alkaline  carbonate, 
or  by  sulphide  of  ammonium ;  in  either  case  it  is  subsequently 
brought  to  the  state  of  oxide,  in  order  to  be  weighed. 

JPrecipitation  as  Basic  CJarhonate. — Carbonate  of  potassa  or 
soda  is  added  in  excess  to  the  solution,  which  is  then  boiled  for 
some  time ;  if,  however,  ammoniacal  salts  be  present,  a  con- 
siderable excess  of  carbonate  must  be  added,  and  the  solution 
must  be  evaporated  to  dryness  at  the  boiling  temperature,  in 
order  to  decompose  the  ammoniacal  salts.  The  dry  mass  is 
well  washed  with  hot  water,  and  the  residue,  which  is  basic 
carbonate  of  zinc  (3HO,ZnO-f  2ZnO,C02),  is  strongly  ig- 
nited, by  which  it  becomes  converted  into  oxide. 

Precipitation  as  Sulphide, — The  solution,  if  it  be  acid,  is  first 
supersaturated  with  ammonia,  the  alkali  being  added  in  suffi- 
cient quantity  to  redissolve  the  oxide  of  zinc,  which  first  pre- 
'  cipitates ;  sulphide  of  ammonium  is  then  added  till  it  no  longer 
occasions  a  precipitate,  and  the  sulphide  of  zinc,  which  is  white, 
and  very  voluminous,  is  allowed  completely  to  subside  before 
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filtration ;  the  sulphide  is  washed  with  water  containing  sul- 
phide of  ammonium,  and  then  digested  with  concentrated  hy- 
drochloric acid  until  the  solution  ceases  to  smell  of  sulphuretted 
hydrogen ;  the  resulting  chloride  of  sine  is  then  precipitated  as 
basic  carbonate,  and  subsequently  converted  into  oxide  in  the 
manner  and  with  the  precautions  just  described :  it  is  to  be 
observed,  that  it  must  not  be  neglected  to  examine  whether 
the  filtrate  from  the  carbonate  of  zinc  is  free  from  oxide  qfzincy 
which  is  done  by  adding  to  it  a  fe^  drops  of  sulphide  of  ammo- 
nium ;  the  formation  of  a  white  bulky  precipitate  indicates  the 
presence  of  dissolved  oxide  of  zinc,  which  must  be  collected 
and  treated  as  above.    The  composition  of  oxide  of  sine  is —  * 

One  equivalent  of  Zn    .     .     3275     .     .     80*27 
One  ditto  of  O     .     .    .    .      800    .     .     1973 

One  ditto  of  ZnO     .     .     .    4075     .     .  10000 

Separation  of  Oxide  of  Zinefrom  Oxide  ofOhromiwn^  and  from 
the  Oxides  of  the  Thirds  Second,  and  JEHret  Groups: — 

(a.)  From  Oxide  of  Chromium, — The  solution  is  mixed  with 
tartaric  acid,  excess  of  potassa  is  then  added,  and  the  clear  so- 
lution is  precipitated  with  colourless  sulphide  of  potassium; 
the  sulphide  of  zinc  is  treated  as  above,  the  oxide  of  chromium 
is  contained  in  the  filtrate,  and  is  obtained  by  evaporating  it  to 
dryness,  and  fusing  the  ignited  residue  with  nitre  and  carbo- 
nate of  soda,  the  alkaline  chromate  thus  obtained  is  treated  as 
directed  (p.  293)  ;  when  both  the  oxides  are  combined  with  acids 
that  form  soluble  salts  with  baryta,  their  separation  can,  accord- 
ing to  Fresenius,  be  accomplished  by  digesting  the  acid  solu- 
tion for  several  hours  with  excess  of  artificially  prepared  car- 
honate  of  baryta :  the  whole  of  the  oxide  of  chromium  is  removed, 
and  is  mixed  with  the  excess  of  carbonate  of  baryta,  from  which 
it  is  separated  by  dissolving  in  hydrochloric  acid,  and  adding 
excess  of  sulphurio  acid ;  the  oxide  of  zinc  remains  in  solution, 
and  is  precipitated  by  carbonate  of  potassa. 

(b.)  From  Alumina. — The  solution  containing  the  two  oxides 
is  supersaturated  with  ammonia ;  alumina  is  precipitated,  and 
oxide  of  zinc  remains  in  solution.  If,  to  a  solution  of  the 
mixed  oxides  in  sulphuric  acid,  excess  of  cyanide  of  potassium 
be  added,  heat  being  avoided,  alumina  is  precipitated,  and  oxide 
of  zinc  retained  in  solution.  If,  to  a  solution  of  the  two  oxides 
in  sulphuric  acid,  excess  of  acetate  of  baryta  be  added,  and  then 
sulphuretted  hydrogen  passed  into  the  solution,  sulphide  of 
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zinc  is  precipitated,  while  alumina  remains  dissolved ;  the  stil- 
pbide  of  zinc  is  separated  from  the  sulphate  of  baryta  by  di- 
gesting the  mixture  in  hydrochloric  acid,  the  oxide  of  zinc  is 
then  precipitated  from  the  solution  as  basic  carbonate,  and  the 
alumina  is  precipitated  by  ammonia. 

(c.)  From  Magnesia, — Chlorido  of  ammonium  is  added  to 
the  solution,  and  then  sufficient  ammonia  to  retain  both  oxides 
in  solution  :  the  zinc  is  precipitated  from  the  ammoniacal  so- 
lution by  sulphide  of  ammonium,  and  the  magnesia  in  the  fil- 
trate determined  in  the  usual  manner.  Another  plan  which  has 
been  proposed  is  to  precipitate  both  oxides  by  carbonate  of 
^otassa ;  and  then,  having  added  a  sufficient  Quantity  of  cyanide 
of  potassium  to  dissolve  the  zinc,  the  whole  is  evaporated  to 
dryness  at  a  boiling  temperature,  a  little  more  carbonate  of 
potassa  having  first  been  added :  on  treating  the  dry  mass  with 
water,  the  magnesia  remains  undissolved,  and  the  zinco-cyanide 
of  potassium  is  held  in  solution. 

(d.)  Frofn  the  Alkalies  and  Alkaline  Earths. — The  bases  are 
all  brought  into  the  state  of  acetates  by  adding  acetate  of  baryta 
to  the  sulphuric  acid  solution  as  above  described  :  the  zinc  is 
precipitated  by  sulphide  of  ammonium.  To  separate  ojpide  of 
zinc  from  lime^  baryta,  and  strontia,  it  has  been  recommended  to 
treat  the  mixed  solution  with  carbonate  of  potassa,  until  it  ac- 
quires an  alkaline  reaction,  then  to  add  excess  of  cyanide  of 
potassium,  and  apply  heat ;  the  earthy  carbonates  remain  un- 
dissolved, while  that  of  zinc  is  taken  up.  The  solution  is 
boiled  with  hydrochloric  and  nitric  acids,  until  all  hydrocyanic 
acid  is  expelled,  and  the  oxide  of  zinc  is  then  precipitated  with 
carbonate  of  soda,  those  precautions  being  taken  which  are  ne- 
cessary when  a  salt  of  ammonia  is  present. 

Volumetric  Determination  of  the  amount  of  Zinc  in  ores  and 
metallurgical  products.    (Max  Schaff^oer.) 

The  principle  of  the  method  is  as  follows : — Oxide  of  zinc 
dissolves  very  readily  in  a  mixture  of  ammonia  and  carbonate 
of  ammonia ;  from  this  ammoniacal  solution  the  zinc  is  com- 
pletely precipitated  by  sulphide  of  sodium.  Now  if  exactly  as 
much  sulphide  of  sodium  is  added  as  is  necessary  for  the  pre- 
cipitation of  the  zinc,  the  amount  of  zinc  may  be  calculated 
from  that  of  the  sulphide  of  sodium  employed.  It  is  impossi- 
ble, however,  to  observe  the  moment  exactly,  when  the  neces- 
sary quantity  of  sulphide  of  sodium  has  been  added,  for  which 
reason  it  is  necessary  to  call  in  the  aid  of  another  reaction. 
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wbich  shows  the  completion  of  the  operation  with  certainty. 
This  object  is  very  simply  and  perfectly  attained  when  a  few 
drops  of  percklaride  of  iron  are  added  to  the  ammoniacal  solu- 
tion, by  which  a  voluminous  red  precipitate  of  hydrated  oxide 
of  iron  is  produced.     If  sulphide  of  sodium  be  then  added, 
this  red  precipitate  remains  unchanged  as  long  as  the  solution 
still  contains  sine ;  but  as  soon  as  all  the  zinc  is  thrown  down 
as  hydrated  sulphide  of  zinc  the  red  suspended  precipitate  of 
hydrated  oxide  of  iron  becomes  black,  sulphide  of  iron  being 
formed,  and  this  is  the  sign  that  the  operation  is  completed. 
The  Taluation  of  the  sulphide  of  sodium  is  effected  in  the  fol- 
lowing way.     About  0*2  grm.   of  chemically  pure  zinc  are 
weighed  and  dissolved  iu  hydrochloric  acid,  the  ammoniacal  fluid 
is  then  added,  and  afterwards  the  same  number  of  drops  of  per- 
chloride  of  iron  which  will  be  used  in  the  analysis ;  suJphide  of 
sodium  is  then  poured  in  from  the  burette  until  the  red  preci- 
pitate appears  black,  the  number  of  cubic  centimetres  employed 
IS  noted,  the  quantity  serving  for  the  blackening  of  the  oxide 
of  iron  is  deducted,  and  from  this  is  calculated  how  much  zinc 
in  represented  by  1  cubic  centimetre  of  sulphide  of  sodium. 
The  dilution  of  the  sulphide  of  sodium  is  about  right  when  17 
or  18  cub.  cent,  represent  about  0*2  grm.  of  zinc.    To  deter- 
mine the  quantity  of  sulphide  of  sodium  required  to  convert 
oxide  of  iron  into  sulphide,  the  following  is  the  process  adopted. 
Into  a  glass  flask  is  put  about  as  much  water  containing  am- 
monia as  there  is  fluid  obtained  in. the  analysis;  to  this  is 
added  the  same  number  of  drops  of  perchloride  of  iron  as  is 
emploved  in  the  analysis,  and  after  this,  the  solution  of  sulphide 
of  sodium,  until  the  red  colour  of  the  precipitate  has  become 
converted  into  black.     When  well  corked,  the  solution  of  sul- 
phide of  sodium  remains  for  some  time  without  alteration ;  it 
18  however  better  to  test  it  again  when  it  has  been  standing  for 
some  days,  especially  as  the  new  testing  does  not  occupy  more 
than  8  or  10  minutes.    1  gramme  of  substance  is  usually  quite 
sufficient  for  investigation.     With  very  poor  substances,  it  is 
better  to  take  2  grammes;  with  very  rich  substances  half  a 
gramme  is  sufficient.     In  some  rare  cases  nickel  and  cobalt  are 
present  in  zinc  ores,  in  which  case  caustic  potassa  is  employed 
as  a  solvent  instead  of  ammonia. 

This  method  of  assaying  zinc  ores  is  not  given  b^  the  author 
as  rigidly  accurate,  but  he  asserts  that  it  is  sufficiently  so  for 
practical  purposes,  provided  care  be  taken  that  the  ammoniacal 
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solution  of  the  zinc  is  not  too  concentrated,  in  fact,  if  the  so* 
lution  be  diluted,  and  that  of  the  perchloride  of  iron  he  yery 
concentrated,  the  separation  is  very  complete  and  distinct. 

167.  Nickel. 

Oxide  of  nickel  is  precipitated  from  its  solutions  either  as 
hydrated  oxide,  by  caustic  potassa,  or  as  sulphide,  by  sulphide  of 
ammonium ;  in  either  case  it  is  converted  into  anhydrous  pro- 
toxide to  be  weighed. 

JPreeipilation  as  HydratedProtoxid^, — Solution  of  pure  caustic 
potassa  is  added,  and  the  solution  heated  to  boiling  ;  the  yoIu- 
minous  apple-green  precipitate  which  is  formed  requires  pro- 
tracted washing  with  hot  water,  after  which  it  is  dried  and 
ignited ;  ammoniacal  salts  do  not  interfere  with  the  precipita- 
tion of  oxide  of  nickel  by  caustic  potassa,  but  with  carbonate 
of  potassa  it  is  not  so  complete. 

Precipitation  hy  Sulphide  of  Ammonium, — The  complete  precir 
pitation  of  nickel  in  the  state  of  sulphide,  by  sulphide  of  am- 
monium is  not  eas^,  in  consequence  of  the  partial  solubility  of 
sulphide  of  nickel  in  that  reagent.  To  ensure  success  the  sul- 
phide of  ammonium  must  be  perfectly  saturated  and  colourless, 
and  not  added  in  great  excess,  the  vessel  must  be  covered,  and 
placed  in  a  warm  situation ;  the  fluid  above  the  precipitate 
should  be  free  from  colour.  The  sulphide  of  nickel  is  washed  on 
the  filter  with  water  to  which  a  few  drops  of  sulphide  of  am- 
monium have  been  added ;  it  is  then  dried,  transferred  to  a 
beaker,  and  digested  at  a  gentle  heat  until  completely  dissolved, 
with  concentrated  aqua-regia ;  the  filter  is  burnt,  and  the  ashes 
added  to  the  solution, — this  is  better  than  digesting  the  filter  and 
precipitate  together,  since  the  presence  of  organic  matter  pre- 
vents the  complete  precipitation  of  oxide  of  nickel  by  caustic 
alkali.  The  solution,  filtered  from  the  precipitated  sulphur,  is 
precipitated  by  potassa,  washed,  dried,  and  ignited.  The  com- 
position of  anhydrous  protoxide  of  nickel  is — 

One  equivalent  of  Ni      .     .   29-6     .     .    78*37 
One  ditto  of  0 _8_    .     .     2163 

One  ditto  of  NijO   ....    37*5    .     .  10000 

Separation  of  Oxide  of  Nickel  from  Oxides  of  Zinc  and  ChrO' 
mium,  and  from  the  Oxides  of  the  Third  and  Second  Groups ; — 

(a.)  From  Oxide  of  Zinc, — Several  methods  have  been  pro- 
posed. 
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.  a.  BerzeUus*8  method,  —  The  greater  parfc  of  the  oxide  of 
sine  is  firfit  extracted  by  caustic  potassa;  the  residue,  after 
being  well  washed  and  heated,  is  mixed  with  pure  pulverized 
^ugar,  and  carefully  carboniKcd  in  a  porcelain  crucible.  The 
crucible  is  then  surrounded  with  lime  in  a  larger  Hessian 
crucible,  and  heated  for  an  hour  in  a  blast-furnace  as  strongly 
as  possible.  The  oxides  are  reduced,  and  the  sine  is  driven  off 
in  vapour ;  the  nickel  is  dissolved  in  nitric  acid,  evaporated 
to  dryness  in  a  platinum  crucible,  and  ignited.  The  loss  of 
weight  gives  the  quantity  of  oxide  of  linc  The  principal 
point  to  be  attended  to  is  to  extract  all  the  potassa  from  the 
mixed  oxides :  the  sugar  must  be  perfectly  pure,  with  which 
view  it  should  be  crystallized  from  an  alcoholic  solution. 

/3.  Ullgren's  method, — The  oxides  are  precipitated  by  carbo- 
uate  of  soda,  the  whole  evaporated,  and  the  residue  gently 
heated,  so  that  they  remain  perfectly  insoluble  when  the  mass  is 
treated  with  water.  The  oxides  are  washed  and  dried,  and 
then  being  placed  in  a  tube  with  a  bulb,  are  reduced  by  hydro- 
gen at  a  low  red-heat ;  the  tube  is  allowed  to  cool,  while 
a  continuous  current  of  hydrogen  is  passed  through  it ;  it  is 
then  closed  at  one  end  by  fusion,  filled  with  a  concentrated 
solution  of  carbonate  of  ammonia,  corked  up,  and  placed  in  a 
warm  situation  for  twenty-four  hours  ;  the  oaide  of  zinc,  which 
is  not  reduced,  is  dissolved  in  the  carbonate  of  ammonia ;  the 
oxide  of  nickel  it  reduced,  and  the  metal,  after  being  well 
washed  with  carbonate  of  ammonia,  is  dried  and  weighed ;  the 
oxide  of  zinc  is  obtained  from  the  ammoniacal  solution  by  eva- 
poration. The  oxides  must  be  finely  pulverized  before  they 
are  exposed  to  the  action  of  hydrogen  gas. 

y.  Aose's  method. — The  mixed  oxides,  after  having  been 
ignited,  are  placed  in  the  bulb  of  a  reduction  tube,  which  com- 
municates on  the  one  side  with  an  apparatus,  from  which  dry 
hydrochloric  acid  gas  is  liberated,  and,  on  the  other,  with  a 
flask  containing  a  very  dilute  solution  of  ammonia.  As  soon 
as  the  air  is  expelled,  the  bulb  is  gradually  heated  to  redness, 
the  oxides  are  converted  into  chlorides,  the  chloride  of  nickel 
remains  in  the  bulb,  and  the  volatile  chloride  of  zinc  passes  into 
the  solution  of  ammonia,  in  which  it  dissolves.  The  oxides 
are  then  determined  in  the  usual  manner.  This  method,  though 
tedious  and  somewhat  complicated,  yields  very  accurate  results. 

B.  Smith's  method. — The  oxides  are  converted  into  acetates ; 
and,  excess  of  acetic  acid  being  added,  sulphuretted  hydrogen 
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18  passed  through  the  solution,  hy  which  the  whole  of  the  zinc 
is  precipitated  as  sulphide,  while  the  oxide  of  nickel  remains  in 
solution :  this  method,  which  is  well  adapted  for  the  analysis 
of  German  silver^  the  constituents  of  wliich  are  capper,  zinc, 
and  nickel,  has  been  found  by  M.  Louyet  to  yield  very  accurate 
results. 

c.  Brunner's  method,  —  The  solution  of  the  two  metals  in 
hydrochloric  or  nitric  acid  is  diluted  with  a  large  quantity  of 
water,  and  almost  completely  neutralized  with  carbonate  of 
soda.  To  effect  this  a  slight  excess  of  the  latter  is  added,  and 
the  precipitate  which  ensues  is  redissohed  in  a  few  drops  of 
acid,  so  as  to  introduce  a  yery  slight  excess  of  the  latter.  A 
current  of  sulphuretted  hydrogen  is  then  made  to  pass  through 
the  liquid,  ana  to  complete  the  precipitation  of  the  zinc,  a  few 
drops  of  a  diluted  solution  of  acetate  of  soda  are  added.  Care 
must  be  taken  not  to  introduce  an  excess  af  acetate,  and  not 
to  heat  the  liquid.  A  fresh  current  of  sulphuretted  hydrogen 
is  now  allowed  to  pass,  until  the  precipitate  does  not  appear  ta 
increase.  The  vessel  is  then  left  to  itself  for  ten  or  twelve 
hours,  at  the  ordinary  temperature,  after  which  the  precipi- 
tate is  collected  on  a  filter,  and  washed.  To  make  sure  that 
all  the  zinc  has  been  thrown  down,  a  drop  of  acetate  of  soda 
may  be  added  to  a  little  of  the  filtered  liquid,  which  should 
remain  clear,  when  a  little  sulphuretted  hydrogen  is  intro- 
duced. The  nickel  is  thrown  down  from  the  filtrate  by  po- 
tassa.  If  the  original  solution  contain  iron,  it  is  essential  to 
separate  it  first  of  all,  by  carbonate  of  baryta. 

Field  prefers  hypochhyrite  of  soda  as  a  precipitant  for  nickel ; 
the  metal  is  thrown  down  as  peroxide,  which,  after  boilinoj  the 
solution  in  which  it  is  suspended,  separatea  as  a  rather  dense 
precipitate,  which  can  be  easily  washed,  whilst  the  bulky  ^e\K* 
tmoM^  protoxide  thrown  down  by  potassa  is  washed  with  diffi- 
culty, the  alkali  adhering  with  remarkable  pertinacity  to  the 
hydrated  oxide.  The  precipitation  should  be  effected  in  a 
beaker.  The  peroxide  is  heated  to  whiteness,  and  the  nickel 
weighed  as  protoxide. 

(b.)  Frwn  Oxide  of  Chromium, — The  mixed  oxides  are  fused 
with  nitre  and  carbonate  of  soda ;  the  oxide  of  chromium  is 
thus  converted  into  chromic  acid,  and  is  dissolved  on  boiling 
with  water  as  alkaline  chromate. 

(c.)  From  Alumina, —  Excess  of  cyanide  of  potassium  is 
added,  heat  being  aroided  ;  alumina  is  precipitated,  and  oxide 
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of  nickel  retaiDed  in  solution :  according  to  Berthier,  on  add- 
ing sulphite  of  ammonia' to  a  solution  of  the  two  oxides,  the 
alumina  onlj  is  precipitated. 

(d.)  From  Magnesia. — This  is  effected  in  the  same  manner 
as  the  separation  of  oxide  of  zinc  from  the  same  earth. 

(e.)  Frotn  Baryta,  Strontia,  and  Lime. — Cyanide  of  potas- 
sium is  added  in  excess,  and  then  carbonate  of  potassa,  the 
whole  is  boiled,  and  the  insoluble  carbonates  separated  bj  fil- 
tration from  the  nickel  cyanide.  The  solution  is  boiled  with 
hydrochloric  acid  until  all  the  hydrocyanic  acid  is  expelled ; 
potassa  in  excess  is  then  added,  and  the  solution  boiled  till 
all  the  ammonia  is  liberated ;  the  oxide  of  nickel  is  then  precipi- 
tated by  potassa. 

Lewis  Thompson  thinks  that  absolutely  pure  nickel  has  not 
hitherto  been  obtained  in  quantity.  He  prepared  it  by  re« 
ducing  granulated  oxide  of  nickel  by  hydrogen  gas  in  a  red-hot 
porcelain  tube.  When  fused,  the  button  obtained  was  white 
and  silvery-looking ;  its  specific  gravity  was  8*575,  and  it  was 
almost  as  soft  as  copper ;  it  could  be  rolled  out  nearly  to  the 
thinness  of  tinfoil ;  its  malleability  was  therefore  very  great. 
Thompson  suggests,  as  a  great  improvement  in  the  metallurgy 
of  this  metal,  to  reduce  the  common  ore  (the  arsenio-sulphuret) 
after  washing,  by  mixing  it  with  half  its  weight  of  chalk,  and 
strongly  heating  in  a  cubilo-fumace  in  full  blast ;  the  use  of  the 
large  quantity  of  arsenic  on  which  the  present  practice  depends 
is  thus  avoided,  and  there  is  no  appreciable  loss  of  metal. 

If  we  have  in  solution  a  mixture  of  sulphates  of  nickel,  co* 
halt,  zinc,  manganese,  iron,  and  copper,  almost  every  particle  of 
nickel  and  cobalt  may,  according  to  Thompson,  be  separated  as 
a  green  crystalline  powder  by  adding  to  the  solution  in  a  warm 
state  as  much  sulphate  of  ammonia  as  it  will  dissolve;  this 
separation  depends)  on  the  fact  that  the  sulphates  of  nickel  and 
cobalt  form  with  sulphate  of  ammonia  triple  alums,  which  are 
absolutely  insoluble  in  cold  saturated  solutions  of  sulphate  of 
ammonia. 

Analffsis  of  Kupfemickel  (Ebelmen). — The  purified  mineral 
is  treated  with  aqua-regia.  The  sulphuric  acid  is  precipitated 
by  chloride  of  barium,  and  the  excess  of  barium  being  removed 
by  sulphuric  acid,  the  arsenic  acid  is  converted  into  arsenious 
acid  by  ebullition  with  sulphurous  acid,  and  then  precipitated 
by  sulphuretted  hydrogen.  The  sulphide  of  arsenic  obtained  is 
after  drying  and  weighing,  decomposed  by  aqua-regia,  to  obtain 
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the  sulphur.  The  liquor  freed  from  sulphide  of  arsenic  is  con- 
centrated with  the  addition  of  nitric  acid,  and  precipitated  by 
excess  of  ammonia ;  an  abundant  precipitate  of  peroxide  of 
iron  is  formed,  which  generally  retains  a  little  nickel.  It  is  re- 
dissolved  on  the  filter  by  hydrochloric  acid,  and  the  liquor 
treated  cold  with  carbonate  of  baryta.  The  peroxide  of  iron 
alone  is  precipitated ;  the  carbonate  of  baryta  with  which  it 
was  mixed  is  readily  separated.  The  liquor  containing  the 
nickel  is  treated  with  sulphuric  acid,  and  after  filtration  is 
added  to  the  ammoniacal  solution  of  the  rest  of  the  nickel : 
this  is  precipitated  by  excess  of  potassa,  and,  after  drying  and 
calcining,  is  weighed  ;  its  quantity  indicates  that  of  the  metallic 
nickel.  The  ammoniacal  liquor,  afterwards  treated  with  hydro- 
sulphate  of  ammonia,  sometimes  yields  a  black  precipitate, 
which,  collected,  calcined,  and  weighed,  gives  with  borax  the 
reaction  of  cobalt.    ('  Annales  des  Mines,'  tome  xi.  p.  56.) 

168.  Cobalt. 

This  metal  is  precipitated  from  its  solutions  either  by  caustic 
potassa  or  by  sulphide  of  ammonium.  It  is  weighed  either  as 
oxide  or  in  the  metallio  state ;  when  great  or  even  moderate  ac- 
curacy is  required,  it  must  be  estimated  in  the  latter  form,  as 
the  ignited  hydrated  protoxide  is  of  indefinite  composition, 
varying  according  to  the  degree  of  heat  employed. 

Precipitation  as  Hydrated  Protoxide, — ^The  solution  is  boiled 
with  excess  of  caustic  potassa ;  the  precipitate,  which  at  first 
is  bluish,  becomes,  after  long  boiling,  of  a  dirty  rose-red  colour; 
if  ammoniacal  salts  are  present,  they  must  be  decomposed,  and 
the  ammonia  discharged  by  long-continued  boiling,  with  great 
excess  of  caustic  alkali ;  the  precipitated  hydrate  requires  long-' 
continued  washing  with  hot  water  ;  on  being  dried  and  ignited 
it  turns  black :  in  this  state  it  is  weighed ;  if  the  operator  has 
determined  on  reducing  it  to  reguline  cobalt,  he  proceeds  in 
the  following  manner :  — 

Reduction  of  Oxide  of  Cobalt  to  Reguline  Cobalt, — The  small 
bulb-tube  of  hard  glass  attached  to  the  U-shaped  chloride  of 
calcium  tube  5,  Fig.  71,  having  been  carefully  weighed,  a  certain 
known  quantity  of  the  previously  weighed  oxide  is  introduced, 
and  the  weight  of  the  bulb-tube  again  accurately  noted;  a  stream 
of  hydrogen  gas,  dried  by  passing  through  the  U-shaped  chloride 
of  calcium  tube  5,  is  then  caused  to  flow  through  the  apparatus 
from  the  flask  a,  and  a  flame  applied  to  the  bulb  containing  the 
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oxide ;  the  heat  most  at  first  be  gentle,  but  it  must  gradually 
be  raised  to  full  redness,  this  high  temperature  being  necessary 
to  prevent  the  reduced  metal  from  acquiring  a  pjrO[)horic  pro- 
perty, which  would  cause  it  to  inflame  on  coming  in  contact 
with  atmospheric  air;  tlie  hydrogen  reduces  the  metallic  oxide, 
giving  rise  to  a  proportional  amount  of  water,  which  escapes 


Fig,  71. 
iu  the  t'orm  of  steam.  When  it  is  seen  that  water  no  louger 
continues  to  form,  the  flame  is  removed  from  the  bulb,  and  it  is 
allowed  to  cool,  while  a  stream  of  hydrogen  still  continues  to 
pass  over  it ;  the  bulb-tuhe  is  then  again  weighed,  and  from 
the  amount  of  reduced  metal  obtained  the  quantity  contained 
iu  the  whole  of  the  protoxide  preuipitaled,  is  calculated.  If  a 
sufficiently  high  temperature  ^as  not  been  employed,  the  re- 
duced cobalt  oxidizes  at  common  temperatures,  but  if  a  full 
red-heat  has  been  employed  it  absorbs  oxygen  very  slowly. 

Precipitation  at  Sulphide. — Sal-ammoniac  is  adfled  to  the  so- 
lutiou,  then  slight  excess  of  ammonia,  and  finally  sulpfai 
ammonium  as  long  as  precipitatioti  takes  place  i  the  resulting 
sulphide  of  cobalt  ia  washed  with  water  containing  a  littlei  sul- 
phide of  ammonium,  then  digested  with  aqua-regia,  and  preci- 
Sttated  by  potassa,  precisely  as  sulphide  of  nickel.  The  by- 
rated  oxide,  after  being  washed,  dried,  and  ignited,  is  reduced 
by  hydrogen  in  the  manner  just  described.  Kose  recommends 
thnt,  in  the  presence  of  ammoniacal  salts,  cobalt  should  slwaya 
be  precipitated  by  sulphide  of  ammonium. 

Separation  of  Oxide  of  Cobalt  from  Oxidet  of  Nickel,  Zinc, 
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and  chromium,  and  from  the  oxides  of  the  third  and  second 
groups : — 

(a.)  Urom  Nickel. — Seyeral  methods  have  been  proposed  by 
different  chemists,  but  until  recently  Phillips's  process  was  the 
one  generally  preferred,  which  is  as  follows  : — 

a.  Method  of  Phillips. — Both  oxides  are  dissolved  in  an  acid, 
and  the  solution  supersaturated  with  ammonia,  having  previ- 
ously added  a  sufficient  quantity  of  sal-ammoniac  to  prevent 
any  precipitation  from  taking  place ;  the  solution,  which  has  a 
sky-blue  colour,  is  largely  diluted  with  water,  which  should 
have  been  previously  well  boiled,  to  free  it  from  atmospheric 
air :  caustic  potassa  is  added  to  the  hot  solution,  and  the  vessel 
is  closed  with  a  cork  ;  oxide  of  nickel  is  precipitated,  and  oxide 
of  cobalt  remains  in  solution  ;  when  the  former  has  completely 
settled,  the  supernatant  liquid,  which  should  have  a  rose-red 
colour,  is  poured  through  a  niter,  and  the  oxide  of  nickel  washed 
with  hot  water,  ignited,  and  weighed  ;  the  oxide  of  cobalt  in 
the  filtrate  is  precipitated  by  sulphide  of  ammonium.  The  rea- 
son why  it  is  necessary  to  dilute  the  solution  of  the  two  oxides 
with  water,  free  from  atmospheric  air,  is,  that  oxide  of  cobalt 
in  an  ammoniacal  solution  is  converted  into  peroxide  of  cobalt, 
which,  precipitating  as  a  black  powder,  would  contaminate  the 
oxide  of  nickel.  The  more  dilute  the  solution  is,  thfe  less  easily 
does  the  oxide  of  cobalt  become  oxidized.  When  a  large  quan- 
tity of  ammoniacal  salt  is  present,  the  quantity  of  caustic 
potassa  required  to  precipitate  the  oxide  of  nickel  is  very  con- 
siderable. According  to  Fresenius  the  separation  by  this  me- 
thod is  not  complete,  the  cobalt  invariably  containing  traces  of 
nickel,  and  the  precipitated  nickel  often,  traces  of  cobalt. 

)3.  lAehig's  method. — ^This  is  founded  on  the  following  con- 
siderations : — When  any  salt  of  cobalt  is  warmed  with  cya- 
nide of  potassium  and  an  excess  of  hydrocyanic  acid,  it  is  con- 
verted into  the  percyanide  of  cobalt  and  potassium,  or  cobalticy^ 
anide  of  potassium  (CogCygjKg),  the  aqueous  solution  of  which 
does  not  undergo  any  decomposition  by  boiling  with  either  of 
the  mineral  acids.  On  the  other  hand,  the  precipitate  produced 
by  cyanide  of  potassium  in  solutions  of  salts  of  nickel  is  redis- 
solved  by  cyanide  of  potassium,  but  the  solution  is  decomposed 
by  dilute  sulphuric  acid,  cyanide  of  nickel  being  precipitated. 
When,  therefore,  a  mixture  of  a  cobalt  and  a  nickel  salt  con- 
taining free  acid  is  treated  with  excess  of  cyanide  of  potassium, 
and  slightly  warmed,  we  obtain  in  solution  the  double  cyanide 
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of  nickel  and  potassium,  and  cobalticyanide  of  potassium, 
(NiCy  -f  KCy)  -|-  (CogCy^Kj,)  and,  on  adding  dilute  sulphuric 
acid  in  the  cold,  three  cases  present  themselves. 

I.  If  tho  cobalt  and  nickel  exist  in  the  solution  in  the  pro- 
portion by  weight  of  two  cobalt  to  three  nickel,  we  have  in  the 
solution,  3  (NiCy, KCy)  -h  (CogCy^Kg),  and  the  three  equiva- 
lents of  nickel  replacing  the  three  equivalents  of  potassium 
.in  the  cobalticyanide  of  potassium,  produce  cobalticyanide  of 
nickel  (CojCygNij),  which  is  precipitated  of  a  bluish-white 
colour,  leaving  in  the  solution  no  trace  of  either  cobalt  Or 
nickel. 

II.  If  the  solution  contain  less  nickel  than  corresponds  to 
the  above  proportions,  a  certain  quantity  of  cobalticyanide  of 
potassium  remains  in  solution,  while  cobalticyanide  of  nickel  is 
still  precipitated. 

III.  If  the  solution  contain  more  nickel  than  corresponds  to 
the  above  proportions,  cobalticyanide  of  nickel  is  still  precipi- 
tated, together  with  the  excess  of  cyanide  of  nickel,  which,  by 
long  boiling  with  hydrochloric  acid,  is  completely  converted  into 
chloride  of  nickel,  which  remains  in  solution. 

Now  cobalticyanide  of  nickel,  though  insoluble  in  hydro- 
chloric acid,  is  decomposed  by  boiling  with  caustic  potassa  into 
protoxide  of  nickel  and  cobalticyanide  of  potassium,  thus, 
CogCygNig  -f  3K0  =  CojCygKa  -f  3NiO,  and  chloride  of  nickel 
is  also  decomposed  by  caustic  potassa  into  protoxide  of  nickel 
and  chloride  of  potassium.  Uence,  the  following  method  of 
analysing  mixtures  of  cobalt  and  nickel,  which  is  applicable  to 
all  proportions. 

Hydrochloric  acid  is  added  to  the  solution  of  the  metals,  and 
then  cyanide  of  potassium  in  such  excess  that  the  precipitate 
at  first  formed  is  redissolved  ;  the  whole  is  boiled,  aading  from 
time  to  time  hydrochloric  acid,  until  hydrocyanic  acid  ceases  to 
be  evolved.  Caustic  potassa  is  then  added  in  considerable  excess, 
and  the  boiling  continued  until  the  hydrated  protoxide  of  nickel 
is  completely  precipitated ;  it  is  then  filtered,  the  filtrate  con- 
tains the  whole  of  the  cobalt  in  the  form  of  cobalticyanide  of 
potassium ;  it  is  evaporated  to  dryness  with  excess  of  nitric 
acid,  the  residue  fused,  and  treated  with  hot  water :  peroxide  of 
cobalt  remains,  which  is  dissolved  in  hydrochloric  acid,  and  the 
solution  treated  as  already  directed. 

"When  a  mixture  of  the  two  oxides  is  dissolved  in  hydrocy- 
anic acid  and  potassa,  and  the  solution  kept  boiling  in  a  fiask, 
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the  cobalt  becomes  converted  into  cobalticyanide  of  potassium, 
and  the  nickel  into  protocyanide  of  nickel  and  potassium  ;  all 
the  cyanogen  is  extracted  from  the*  latter  by  oxide  of  mercurv, 
by  which  the  nickel  is  precipitated  in  the  form  of  oxide  ;  oxide 
of  mercury  produces  no  change  in  the  cobalt  compound.  In- 
stead of  adding  oxide  of  mercury  to  the  cold  solution  of  the 
mixed  cyanides,  this  may  be  supersaturated  with  chlorine,  and 
the  residting  protocyanide  of  nickel  again  dissolved  by  caustic 
potassa.  The  chlorine  has  no  action  on  the  cobalt  compound, 
whilst  the  nickel  compound  is  decomposed,  and  all  the  nickel 
is  at  last  precipitated  as  black  peroxide.  The  operation  must 
not  be  performed  with  heat,  as  otherwise  Co^Og  is  precipitated 
with  the  nickel,  and  care  must  be  taken  that  during  the  intro- 
duction of  the  chlorine  the  fluid  is  kept  strongly  alkaline. 

In  analysing  ores  of  nickel,  which  contain  small  Quantities 
only  of  cobalt,  considerable  excess  of  hydrochloric  acid  must  be 
taken  to  precipitate  the  cyanides  dissolved  in  cyanide  of  po- 
tassium, and  the  mixture  must  be  continued  in  ebullition  for  a 
full  hour. 

y.  Bose*s  method. — This  is  founded  on  the  greater  tendency 
in  the  protoxide  of  cobalt  than  in  the  protoxide  of  nickel  to 
pass  to  a  higher  degree  of  oxidation.  Both  metals  are  dissolved 
m  hydrochloric  acid  ;  the  solution  must  contain  a  sufficient  ex- 
cess of  free  acid :  it  is  then  diluted  with  much  water ;  if  20  or 
30  grains  of  the  oxides  are  operated  on,  about  2  pints  of  water 
are  added  to  the  solution.  As  cobalt  possesses  a  much  higher 
colouring  power  than  nickel,  not  only  in  fluxes  but  also  in  so- 
lutions, the  diluted  solution  is  of  a  rose  colour,  even  when  the 
quantity  of  nickel  present  greatly  exceeds  that  of  the  cobalt. 
A  current  of  chlorine  is  then  passed  through  the  solution  for 
several  hours  ;*  the  fluid  must  be  thoroughly  saturated  with  it, 
and  the  upper  part  of  the  flask  above  the  liquid  must  remain 
filled  with  the  gas  after  the  current  has  ceased.  Carbonate  of 
baryta  in  excess  is  then  added,  and  the  whole  allowed  to  stand 
for  12  or  18  hours,  and  frequently  agitated  ;  the  precipitated 
peroxide  of  cobalt,  and  the  excess  of  carbonate  of  baryta,  are 
well  washed  with  cold  water,  and  dissolved  in  hot  hydrochloric 
acid ;  after  the  separation  of  the  baryta  by  sulphuric  acid,  the 
cobalt  is  precipitated  by  hydrate  of  potassa,  and,  after  being 

*  Mr.  Henry  recommends  a  solution  of  bromine,  which  is  to  be  added  till 
the  solution  smells  strongly  of  it ;  he  found  this  to  answer  equally  well  with 
chlorine,  and  the  process  is  rendered  less  tedious  and  unpleasant. 


COBALT.  807 

washed  and  dried,  is  reduced  by  hydrogen  gas,  in  the  manner 
shown  in  Fig.  71.  The  fluid  nltered  from  the  oxide  of  cobalt 
is  of  a  pure  green  colour ;  it  is  free  from  any  trace  of  cobalt. 
After  the  removal  of  the  baryta  by  means  of  sulphuric  acid,  the 
oxide  of  nickel  is  precipitated  by  caustic  potassa.  To  ensure 
accurate  results,  it  is  indispensably  necessary  to  wait  a  con- 
siderable time,  at  least  12,  or  even  better  18  hours  after  the  ad- 
dition of  the  carbonate  of  baryta,  as  the  oxide  of  cobalt  is 
precipitated  very  slowly. 

8.  Another  method, — The  two  oxides  are  covered  with  hydro- 
cyanic acid,  and  then  potassa  added  till  a  portion  remains  undis- 
solved. The  solution  is  kept  boiling  for  a  quarter  of  an  hour, 
moist  hyd rated  oxide  of  mercury  is  then  added  till  a  portion 
remains  undissolved ;  a  green  precipitate  occurs  containing  all 
the  nickel,  with  the  excess  of  oxide  of  mercury.  By  ignition, 
pure  oxide  of  nickel  remains.  Acetic  acid  is  added  to  the  fil« 
trate  to  aid  reaction  ;  it  is  then  precipitated  with  blue  vitriol. 
The  blue  precipitate  contains  all  the  cooalt;  this  is  dried,  ignited, 
redissolved  in  hydrochloric  acid,  the  copper,  precipitated  by 
sulphuretted  hydrogen,  and  then  from  the  filtrate,  the  cobalt 
by  potassa.  The  method  depends  upon  the  fact,  that  nickelo^ 
cyanide  of  potassium  is  decomposed  by  oxide  of  mercury,  while 
cohaho'Cyamde  of  potassium  experiences  no  change. 

(b.)  From  Oxide  of  Zinc, — ^The  above  method  may,  according 
to  Eose,  be  employed  for  the  separation  of  these  two  oiides  ; 
and  also  for  that  of  other  oiides  from  oxide  of  cobalt,  which  are 
strongly  basic,  and  which  are  not  converted  into  superoxides  : 
oxide  of  zinc  may  likewise  be  separated  from  oxide  of  cobalt 
by  Liebig's  process  with  cyanide  of  potassium,  cobalticyanide 
of  zinc  is  gradually  dissolved  in  boiling  hydrochloric  acid,  and 
a  clear  solution  is  obtained :  on  the  addition  of  caustic  potassa 
and  boiling,  both  the  cobalt  and  the  zinc  are  retained  in  solu- 
tion, the  former  as  cobalticyanide  of  potassium,  and  the  latter 
as  oxide,  and  from  the  solution,  zinc  is  precipitated,  by  sulphu- 
retted hydrogen  (Brunner) :  the  methods  of  Berzelius,  TJllgren, 
and  for  the  separation  of  oxide  of  nickel  from  oxide  of  zinc 
may  likewise  be  employed  for  the  separation  of  oxide  of  cobalt. 

(c.)  From  Oxide  of  Chromium, — This  is  effected  in  the  same 
manner  as  the  separation  of  oxide  of  nickel  from  oxide  of 
chromium. 

(d.)  From  Alumina, — Cyanide  of  potassium  is  added,  heat 
being  avoided ;   the  cobalt  is  dissolved  as  cobalticyanide  of 
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potassium,  and  the  alumina  precipitated;  according  to  Ber- 
thier,  the  separation  may  likewise  be  effected  by  sulphite  of 
ammonia. 

(e.)  From  the  Alkaline  Earths, — This  is  effected  in  the  same 
manner  as  the  separation  of  the  oxide  of  nickel. 

Analysis  of  Cobalt  Ores,  containing  Cobalt,  Nickel,  and  Iron, 
(Liebig.) — Add  to  the  hot  acid  solution  ammonia  till  slightly 
alkaline,  then  succinate  or  benzoate  of  ammonia  to  throw  down 
the  iron.  Precipitate  the  filtrate  by  potassa,  and  filter.  Wash 
the  oxides  of  cobalt  and  nickel  repeatedly ;  dissolve  them  in 
pure  cyanide  of  potassium,  then  boil  with  an  excess  of  fresh  pre- 
cipitated oxide  of  mercury.  The  whole  of  the  nickel  deposits 
with  the  excess  of  oxide  of  mercury.  Filter,  saturate  with 
acetic  acid :  boil ;  then  add  sulphate  of  copper,  and  reboil. 
The  precipitate  has  the  following  formula:  CujCojCy^. 
Collect  it,  and  ignite,  to  destroy  the  cyanogen ;  dissolve  in 
aqua-regia,  and  separate  the  copper  by  sulphuretted  hydrogen ; 
this  precipitate  must  be  redissolved,  and  the  oxide  of  copper 
precipitated  by  potassa.  From  the  amount  of  copper  that  of 
cobalt  is  calculated.  Three  equivalents  of  copper  are  equal  to 
two  of  cobalt. 

Extraction  of  Cobalt  and  Nickel  from  the  Ore. — The  following 
process  is  followed  in  a  manufactory  at  Birmins;ham,  the  ore 
employed  consisting  principally  of  metallic  sulpho-arseniurete, 
and  containing  generally  about  6  per  cent,  of  nickel  and 
3  per  cent,  of  cobalt.  The  ore  is  mixed  with  a  small  quantity 
of  carbonate  of  lime  and  fluor-spar,  and  the  whole  is  heated  to 
a  white-red  heat  in  a  reverberatory  furnace :  the  mass  fuses  at 
this  high  temperature,  and  a  slag  is  obtained  floating  on  the 
surface  of  a  fluid  mass,  of  metallic  appearance ;  the  latter  is  let 
out  of  the  furnace  by  a  particular  aperture,  and  watered  in 
order  that  it  may  be  broken  into  fragments  with  greater  faci- 
lity. It  has  been  ascertained  from  experience  that  when  the 
slag  is  of  a  dull  colour,  iron  is  present,  but  if  its  surface  be 
black  and  brilliant,  it  is  free  from  that  metal.  The  metallic 
mass  is  reduced  to  a  very  fine  powder,  which  is  calcined  at  a 
bright-red  heat  in  a  fiunace,  the  temperature  being  graduated 
so  as  to  avoid  fusion,  and  constantly  raked :  a  considerable 
quantity  of  arsenious  acid  is  driven  off.  The  air  has  free  ac- 
cess to  the  mass,  which  becomes  oxidized  and  diminished  in 
weight.  The  calcination,  which  lasts  for  about  twelve  hours, 
is  continued  until  no  more  white  fumes  are  given  off,  and  tho 
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i^sidue  is  treated  with  bydrochlorie  acid,  which  dissolves  nearly 
the  whole  of  it :  the  liquid  is  diluted  with  water,  and  milh  of 
lime  and  chloride  of  lime  added  to  precipitate  the  iron  and  the 
arsenic;  the  precipitate,  after  being  well  washed,  is  thrown 
away.  A  current  of  washed  sulphuretted  hydrogen,  generated 
from  sulphide  of  iron  and  dilute  sulphuric  acid,  is  passed  into 
the  liquor  until  it  is  saturated :  it  is  discontinued,  when  some 
ammonia,  added  to  a  sample  of  the  filtered  liquor,  gives  a  black 
precipitate ;  if  there  was  not  an  excess  of  sulphuretted  hydro- 
gen, the  precipitate  produced  by  ammonia  would  be  green : 
the  precipitate  is  washed  and  then  thrown  away,  a  current  of 
sulpnuretted  hydrogen  being  passed  into  the  wash  waters. 
The  cobalt  is  then  thrown  down  with  a  solution  of  hypochlo- 
rite of  lime.  The  precipitate,  washed,  dried,  and  then  heated 
to  redness,  is  considered  to  be  oxide  of  cobalt,  and  part  is  sent 
in  this  state  into  the  market.  Another  portion  is  heated  to  a 
white-red;  by  this  treatment  the  oxide  loses  in  weight,  but 
increases  in  density ;  it  is  sold  as  protoxide  of  cobalt.  The 
liquid  from  which  the  cobalt  has  been  precipitated  is  treated 
with  milk  of  lime,  which  precipitates  the  nickel  in  the  state  of 
hydrate :  this  precipitate  is  washed,  dried,  and  heated  to  red- 
ness ;  it  is  then  mixed  with  charcoal,  and,  by  means  of  a  strong 
heat,  reduced  to  the  state  of  a  spongy  nickel,  which  is  em« 
ployed  in  the  manufacture  of  German  silver.  The  oxide  of 
cobalt  thus  prepared  is  remarkably  pure. 

169.  Ieok. 

This  metal  is  weighed  as  sesquioxide ;  if  it  exist  in  the  solu- 
tion in  the  form  of  a  protosalt,  it  must  be  peroxidized  by 
heating  with  nitric  acid  as  long  as  fumes  of  nitrous  vapour 
are  discharged,  or  by  boiling  with  chlorate  of  potassa  and  hydro- 
chloric acid :  ammonia  is  the  precipitant  employed,  as  the 
oxide  precipitated  by  potassa  or  soda  is  always  contaminated 
by  a  certain  quantity  of  the  alkali,  from  which  it  is  almost 
impossible  to  free  it  by  washing :  the  hydrated  sesquioxide 
shrinks  greatly  on  drying,  and,  by  ignition,  loses  all  its  water. 
Iron  is  sometimes  precipitated  as  sulphide  by  sulphide  of  am- 
monium :  the  solution  must  not  contain  free  acid :  it  must  be 
well  washed  on  the  filter  with  water,  to  which  a  few  drops  of 
sulphide  of  ammonium  have  been  added,  the  funnel  being  pro- 
tected from  the  air  with  a  glass  plate  to  prevent  a  portion  of 
the  sulphide  from  becoming  oxidized  into  sulphate,  which 
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would  dissolve  and  be  carried  through  the  filter :  the  washed 
sulphide  is,  together  with  the  filter,  digested  with  dilute  hydro* 
chloric  acid,  filtered,  and  the  filtrate  peroxidized  by  nitric  acid 
and  precipitated  by  ammonia.  When  iron  has  to  be  separated 
from  other  bases,  it  is  sometimes  precipitated  by  succinate  of 
ammonia:  the  solution  must  be  very  exactly  neutralized  by 
ammonia,  the  alkali  being  added  in  drops  in  a  very  diluted 
state  until  the  small  quantity  of  sesquioxide  of  iron  which  it 
precipitates  is  not  redissolved  by  applying  a  gentle  heat,  the 
supernatant  liquid  possessins^  a  red  colour ;  the  neutral  succi- 
nate of  ammonia  is  then  added,  upon  which  succinate  of  per- 
oxide of  iron  of  a  brown  colour  is  precipitated ;  it  is  filtered 
when  quite  cold,  and  washed  first  witn  cold  water,  and,  finally, 
with  a  warm  solution  of  ammonia,  in  order  to  remove  a  portion 
of  the  succinic  acid :  it  is  then  dried,  and  ignited  in  a  current 
of  air,  in  order  thoroughly  to  peroxidize  the  iron.  The  compo* 
sition  of  sesquioxide  of  iron  is — 

Two  equivalents  of  Fe  . .  56  , .  70 
Three     ditto        of  0    . .  24  . .  30 

One      ditto        of  FcgOj  80      100 

Separation  of  Peroxide  of  Iron  from  Protoxide  of  Iron,—-' 
This  is  attended  with  difficulty,  and  can  only  be  accomplished 
when  the  compound  is  soluble  in  acids.  When  no  other  ba8€» 
but  iron  is  present,  as,  for  example,  in  native  magnetic  iron 
ore,  Ilose  directs  that  a  weighed  quantity  of  the  substance 
should  be  dissolved  in  hydrochloric  acid,  and  having  boiled 
with  nitric  acid  to  peroxidize  the  whole  of  the  iron,  it  is  to  be 
precipitated  by  ammonia ;  the  increase  of  weight  is  owing  to 
the  acquisition  of  oxygen,  which  has  combined  with  the  pro- 
toxide of  the  compound,  and  is  half  as  much  in  quantity  as  the 
oxygen  previously  existing  in  the  protoxide,  for  the  protoxide 
of  iron,  on  being  fully  converted  into  peroxide,  acquires  one- 
half  more  oxygen  than  it  already  possessed. 

2(FeO)  +  0=Fe205 

Thus  then,  finding  first  the  quantity  of  oxygen  gained  by 
the  substance  operated  on,  we  find  next  the  quantity  of  oxy- 
gen belonging  to  the  protoxide  existing  in  the  compound,  and 
from  this  it  is  easy  to  calculate  the  quantity  of  the  protoxide. 
When  this  is  found,  the  quantity  of  peroxide  contained  in  the 
substance  is  learned  from  the  difference  in  weight  between 
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the  quantity  of  the  compound  submitted  to  analysis  and  the 
quantity  of  protoxide  made  out  by  calculation.  It  is  easy, 
nowever,  to  see  that  as  the  proportion  of  protoxide  of  iron 
is  generally  sAiall  in  comparison  with  that  of  peroxide,  the 
greatest  accuracy  in  experimenting  is  necessary,  in  order  to 
arrive  at  correct  results,  a  very  trifling  error  becoming  a  very 
eonsiderable  one  in  the  subsequent  calculation  of  the  quantity 
of  protoxide. 

Another  method,  given  by  Rose,  for  determining  the  quan- 
tity of  oxygen  in  a  compound  consisting  merely  of  protoxide 
and  peroxide  of  iron,  is  by  converting  the  oxides  into  metallic 
iron  by  igniting  them  in  a  current  of  dry  hydrogen  gas,  and 
determining  not  only  the  quantity  of  iron  revived,  but  also  the 
weight  of  the  water  formed. 

To  determine  experimentally  the  quantity  of  peroxide  of  iron 
in  a  soluble  compound  of  peroxide  and  protoxide,  a  weighed 
quantity  of  the  pulverized  mixture  is  introduced  into  a  flask, 
tne  whole  of  the  atmospheric  air  from  which  is  then  expelled 
by  a  current  of  carbonic  acid  gas ;  hydrochloric  acid  sufficient 
to  dissolve  the  compound  is  then  added,  and  the  flask  quickly 
and  securely  closed:  Solution  being  effected,  recently  pre* 
pared  perfectly  clear  sulphuretted  hydrogen  water  is  aaded 
in  excess,  and  the  flask  again  closed,  ana  allowed  to  remain 
at  rest  for  some  days ;  the  peroxide  of  iron  is  reduced  to  pro- 
toxide by  the  sulpnuretted  nydrogen,  and  a  proportional  quan- 
tity of  sulphur  is  deposited ;  this  is  carefully  collected  on  a 
small  weighed  filter,  washed  and  dried  at  a  gentle  heat ;  the 
filter  must  be  protected  from  the  atmosphere  during  the  pro- 
cess of  filtration ;  from  the  weight  of  the  sulphur  the  quantity 
of  oxygen  that  has  entered  into  combination  with  the  hydro- 
gen of  the  decomposed  sulphuretted  hydrogen  is  found ;  this 
oxygen  was  derived  from  the  peroxide  of  iron ;  and,  by  mul- 
tiplying it  by  three,  the  whole  quantity  of  oxysen  that  was 
present  in  the  substance  in  the  form  of  sesquioxide  of  iron  is 
found. 

Another  method  (Fresenius).— A  known  quantity  of  the 
finely  divided  substance  is  introduced  into  the  flask  i.  (Fig.  72), 
which  is  then  filled  with  carbonic  acid  through  the  tube  d ; 
hydrochloric  acid,  not  in  great  excess,  is  then  added  through 
the  funnel  e,  and  the  solution  of  the  compound  assisted  by 
heat,  a  steam  of  carbonic  acid  passing  all  the  time  through 
the  apparatus;  hot  water  is  next  added,  and  the  solution 
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boiled  and  allowed  to  cool;  pure  recently  precipitated  car- 
boiutte  of  baryta  ig  now 
mixed  into  n  milkj  fluid, 
and  poured  into  the  flask 
through  the  funoel  till  it  pre- 
,  dominatee;  the  whole  mix- 
ture is  then  digested  at  a 
very  gentle  heat.  The  flask 
is  filled  with  boiling  water 
nearly  np  to  the  end  of  the 
tube  h,  which,  being  de- 
pressed as  for  aa  necessaiy 
into  the  liquid,  the  clear 
fluid  is  drawn  off;  the  tube 
is  then  raised,  and  the  flask 
again  filled  with  water;  when 
the  precipitate  has  settled, 
Fig.  7S.  the     clear    flnid    is    agaii 

drawn  off  by  the  siphon  i, 
the  flask  is  then  rinsed  out  with  boiling  water,  and  the  pre- 
cipitate thrown  on  a  filter,  aod  well  washed  with  boiling 
water,  as  much  ss  possible  out  of  access  of  sir :  the  amount  of 

?erozide  of  iron  in  the  washed  precipitate  is  then  determined. 
'he  liquid  is  drawn  off  by  the  siphon,  and  the  filtrate  from 
the  precipitate  contains  the  whole  of  the  dissolved  protoxide 
of  iron ;  the  solution  is  concentrated,  the  iron  perozidued,  and, 
finally,  precipitated,  after  the  removal  of  the  haryta. 

Indirect  method  (Bose). — A  weighed  portion  of  the  substance 
is  dissolved  in  hydrochloric  acid  in  a  flask,  which  has  pre- 
viously been  filled  with  carbonic  acid  gas ;  the  solution  being 
effected,  solution  of  chloride  of  gold  and  todium  is  added  in 
excess,  and  the  flssk  closed  ;  reduction  takes  place,  and  metallic 
gold  is  precipitaLed,  which  is  collected,  washed,  ignited,  and 
weighed ;  from  the  quantity  obtained,  the  quantity  of  oxygen, 
which  was  necessary  to  convert  the  protoxide  of  iron  into  per- 
oxide, is  ascertained  by  calculation,  thus — 

6FeCl  +  AuCL  =  3FejC]3  +  Au. 
Or0  equivalent  of  precipitated  gold  correeponds  to  six  equiva- 
lents of  protochlonde  or  protoxide  of  iron. 

Another  method  (Fuch). — A  weighed  portion  of  the  substance 
is  dissolved,  as  in  Rose's  melliod,  in  nydrochloric  acid,  in  a 
flask  which  has  previously  been  filled  with  carbonic  add  gas ; 
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a  weighed  Blip  of  clean  copper  is  introduced,  and  the  flask, 
hairing  been  filled  nearly  to  the  brim  with  boiled  water,  accu- 
rately closed ;  the  mixture  is  digested  until  the  fluid  becomes 
colourless,  or  nearly  so ;  the  slip  of  copper  is  then  removed 
from  the  flask,  dried,  and  weighed ;  the  diminution  in  weight 
indicates  the  amount  of  chlorine  consumed  to  convert  the 
original  protochloride  of  iron  into  perchloride,  every  equivalent 
of  copper  corresponding  to  an  equivalent  of  chlorine,  and  every 
one  equivalent  of  chlorine  converting  tioo  equivalents  of  proto- 
chloriae  of  iron  into  perchloride,  2reCl+  Cl  =  re2Cl5;  it  fol- 
lows that  every  equivalent  of  dissolved  copper  corresponds  to 
two  equivalents  of  perchloride  of  iron  in  the  solution,  or, 
what  amounts  to  the  same,  to  two  equivalents  of  peroxide  of 
iron  present  in  the  analysed  substance.  The  quantity  of  iron 
actually  present  in  the  specimen  must  be  determined  by  per- 
oxidiadng  a  solution  of  a  weighed  quantity,  and  precipitating 
by  ammonia.  The  method  is  founded  on  the  fact  that  when 
air  is  excluded,  hydrochloric  acid  is  incapable  of  dissolving 
copper ;  but  that  on  the  addition  of  peroxide  of  iron,  or  when 
that  substance  is  already  present  in  the  mixture,  the  acid  dis- 
solves a  quantity  of  copper  corresponding  thereto. 

Separation  of  Oxide  of  Iron  from  Oaides  of  Nickel,  Cobalt, 
Man^ane9e,  Zinc,  and  from  the  Oxides  of  the  Third  and  Second 
Oronps. 

(a.)  From  the  Oxides  of  Nickel  and  Cobalt  (Field's '  method). 
— The  solution  containing  the  oxides  in  the  form  of  nitrates  is 
evaporated  to  dryness,  and  after  the  addition  of  water,  litharge 
is  added,  and  the  whole  boiled  for  ten  minutes  or  a  quarter  of 
an  hour.  The  iron  is  entirely  precipitated,  the  nitrates  of 
nickel,  cobalt,  and  lead  remaining  in  solution.  After  filtration, 
which  can  be  eflected  with  great  readiness,  dilute  sulphuric 
acid  is  added,  and  on  standing  for  sixteen  hours,  the  sulphate 
of  lead  is  filtered  off,  and  the  nickel  and  cobalt  precipitated 
and  estimated.  The.  filter  containing  the  peroxide  of  iron  and 
excess  of  litharge  is  digested  in  dilute  sulphuric  acid,  filtered 
and  washed ;  the  sesquioxide  of  iron  in  the  filtrate  is  preci- 
pitated by  ammonia. 

(b.)  From  Manganese, — The  iron  in  the  solution  is  first 
hroujB^ht  to  the  state  of  sesquioxide,  and  is  then  precipitated  bv 
succinate  or  benzoate  of  ammonia,  a  sufiBcient  quantity  of  sal- 
ammoniac  having  previously  been  added ;  the  precipitated  suc- 
cinate is  treated  in  the  manner  already  described,  and  the 
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manganese  in  tlie  filtrate  is  precipitated  by  carbonate  of  sods. 
Another  method  of  separation  is  by  digesting  the  solution  of 
the  two  metals  with  excess  of  recently  precipitated  carbonate 
of  baryta,  which  throws  down  the  iron  as  basic  carbonate  of 
peroxide ;  the  washed  precipitate  is  dissolved  in  hydrochloric 
acid,  the  baryta  separated  by  sulphuric  acid,  and  the  iron  pre- 
cipitated by  ammonia ;  the  filtrate  from  the  basic  carbonate  of 
peroxide  of  iron  contains  the  manganese,  together  with  a  solu* 
ble  baryta  salt,  the  latter  is  removed  by  sulphuric  acid,  and  the 
manganese  precipitated  by  carbonate  of  soda. 

Another  method  (Field). — The  solution  containing  the  oxides 
is  boiled  with  oxide  of  lead,  by  which  the  whole  of  the  iron  is 
precipitated ;  from  the  filtrate,  the  oxide  of  lead  is  precipitated 
oy  dilute  sulphuric  acid,  and  the  sulphate  of  lead  being  filtered 
oW,  the  oxide  of  manganese  is  precipitated  from  the  filtrate  by 
potassa.  The  mixed  oxides  of  lead  and  iron  are  redissolved  in 
dilute  nitric  acid,  and  then  digested  with  dilute  sulphuric  acid, 
filtered  and  washed,  and  the  sesquioxide  in  the  filtrate  precipi- 
tated by  ammonia. 

(c.)  M'om  Zinc. — The  iron  in  the  solution  is  peroxidized  by 
nitric  acid  or  by  chlorate  of  potassa,  the  solution  is  evapoi-ated 
to  dryness,  and  all  excess  of  acid  removed  \  the  residue  is  dis- 
solved in  acetic  acid,  and  the  zinc  precipitated  by  sulphuretted 
hydrogen :  the  precipitated  sulphide  of  zinc  should  have  a  pure 
white  colour. 

(d.)  From  Chromium  (Eose). — To  the  solution  of  the  two 
metals  a  sufficient  quantity  of  tartaric  acid  is  added  to  prevent 
the  precipitation  of  either  of  the  metals  by  potassa,  that  alkali 
is  then  added,  and  the  iron  precipitated  by  sulphide  of  potas- 
sium ;  the  solution  filtered  from  the  sulphide  of  iron  coutaina 
the  oxide  of  chromium ;  it  is  evaporated  to  dryness,  ignited, 
fused  with  carbonate  of  soda  and  nitre,  and  the  chromium  iu 
the  alkaline  chromate  thus  formed  determined  as  directed 
(page  290). 

Another  method  (Berthier). — ^The  oxides  are  precipitated  by 
ammonia  or  carbonate  of  ammonia,  and,  while  still  moist,  di- 
gested with  slight  excess  of  sulphurous  acid :  the  whole  of  the 
iron  dissolves,  and  also  a  certain  quantity  of  the  oxide  of  chro- 
mium, while  the  remainder  of  this  latter  metal  is  converted 
into  pure  subsulphite.  The  solution  is  boiled  until  it  is  de- 
colorized, when  it  only  contains  iron.  To  precipitate  thia 
metal  the  sulphurous  acid  is  either  expelled  by  sulphuric  acid^ 
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«r  oxidised  by  aqaa-regia,  an  alkali  or  an  alkaline  carbonate  is 
then  added ;  or  the  iron  is  precipitated  by  an  alkaline  sulphide 
without  expelling  the  sulphurous  acid. 

Another  method  (Liebig). — The  mixture  of  the  two  metals  in 
solution  is  first  saturated  with  sulphuretted  hydrogen,  to  be 
certain  that  the  iron  is  contained  in  the  liquid  as  protoxide,  (an 
addition  of  a  few  drops  of  sulphide  of  ammonium  answers  the 
purpose),  and  then  thrown  down  by  cyanide  of  {)otassium,  and 
an  excess  of  the  latter  added :  the  iron  dissolves  immediately 
as  ferrocyanide  of  potassium,  while  the  oxide  of  chromium  re- 
mains behind. 

{e.)  ffrom  Titria  (Scherer). — To  a  neutral  solution,  oxalate 
of  potassa  is  added,  a  white  crystalline  precipitate  consisting 
of  the  double  oxalate  of  y  ttria  and  potassa,  is  gradually  formed, 
which,  by  ignition,  is  converted  into  yttria  and  carbonate  of 
potassa;  the  mixture  is  dissolved  in  hydrochloric  acid,  diluted 
with  much  water,  and  the  yttria  precipitated  by  caustic  ammo- 
nia, it  must  be  well  washed  with  boiling  water,  after  which  it 
may  be  igi^ited  and  weighed. 

Another  method  (Berthier). — The  moist  hydrates  are  boiled 
with  sulphurous  acid,  the  yttria  is  deposited,  and  the  iron 
remains  in  solution ;  to  prevent  the  formation  of  an  ochreoufl 
deposit  from  the  action  of  the  air,  the  solution  should  be 
boiled  in  a  flask  with  a  long  neck,  and  when  no  more  sulphu- 
rous acid  is  disengaged,  it  should  be  filled  with  boiling  water 
and  corked ;  when  it  has  become  cold,  the  liquid  is  decanted  on 
to  a  filter  replaced  by  boiling  water,  and  nnally  filtered  and 
edulcorated. 

(f.j  From  Alumina  (Weeren). — To  the  solution,  containing 
the  two  oxides  a  sufficient  quantity  of  tartaric  acid  is  added  to 
prev^it  the  precipitation  of  the  bases  by  ammonia,  sulphide  of 
ammonium  is  then  added  in  excess,  and  the  beaker  covered 
with  a  glass  plate  till  the  whole  of  the  sulphide  of  iron  has  pre- 
cipitated. The  clear  supernatant  liquid  is  then  poured  off,  the 
precipitate  thrown  on  a  filter,  and  rapidly  washed  with  water 
containing  a  little  sulphide  of  ammonium.  The  sulphide  of 
iron  ie  dissolved  off  the  filter  by  hydrochloric  acid,  and  the  iron 
having  been  peroxidized  hj  nitric  acid  is  precipitated  by  am- 
monia. The  solution  containing  the  whole  of  the  alumina  is 
evaporated  to  dryness  and  ignited  strongly ;  if  the  amount  of 
charcoal  be  small,  it  is  to  be  completely  burnt ;  but  if  it  be  con- 
ftdfirable,  it  must  be  treated  with  boiling  hydrochloric  acid,  and 
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the  alumina  precipitated  from  the  filtered  solution  bj  sulphide 
of  ammonium. 

When  a  Tery  small  quantity  of  alumina  is  present,  Beynolds 
recommends  the  addition  to  the  solution  of  sufficient  oxalic 
acid  to  prevent  the  precipitation  of  the  earth,  the  solution  is 
then  poured  into  a  mixture  of  ammonia  and  sulphide  of 
ammonium,  the  precipitated  sulphide  of  iron  is  ti«ated  as 
above,  the  solution  containing  tne  alumina  is  concentrated 
and  then  boiled  with  hydrochloric  acid  and  chlorate  of  potassa, 
this  will  oxidise  the  oxalic  acid  and  the  sulphide  of  ammonium ; 
the  solution  is  now  rendered  alkaline  with  carbonate  of  am- 
monia^  and  boiled  for  some  time,  when  the  alumina  will  be 
precipitated. 

When  alumina  has  to  be  separated  from  oxide  of  iron,  whicb 
is  accompanied  by  manganese,  lime,  and  magnesia,  Bichter 
fuses  the  compound  with  ten  times  its  weight  of  carbonate  of 
soda,  and  then,  by  means  of  water,  with  the  addition  of  potassa, 
dissolves  the  aJumina  as  aluminate  of  potassa  and  soda. 

Another  method  (Fresenius). — The  iron  in  the  solution  is 
reduced  to  the  minimum  of  oxidation  by  boiling  with  sulphite 
of  soda ;  it  is  then  neutralised  with  carbonate  of  soda,  an  excess 
of  caustic  soda  added,  and  the  solution,  after  being  weU  agi- 
tated, is  boiled  until  it  has  become  black  and  granular  (a  coil 
of  platinum  wire  put  into  the  flask  prevents  succussion) ;  it 
is  allowed  to  subside,  the  clear  liquid  passed  through  a  close 
filter,  and  the  precipitate  washed  with  hot  water,  at  first  by 
decautation  and  then  on  the  filter ;  the  filtered  solution  treated 
with  hydrochloric  acid  and  chlorate  of  potassa  furnishes,  upon 
precipitation  with  ammonia,  and  several  hours'  standing,  the 
whole  of  the  alumina  in  a  perfectly  pure  state. 

(g.)  M'om  lame  and  Magnesia  (Kose). — Ammonia  is  added 
in  excess,  and  the  liquid  boiled ;  a  little  lime  is  carried  down 
in  the  precipitate,  but  it  is  completely  redissolved  on  ebulli- 
tion ;  toe  lime  in  the  filtrate  is  precipitated  by  oxalic  acid,  and 
the  magnesia  in  the  state  of  ammonio-phosphate  of  magnesia : 
or  the  hydrochloric  solution  of  the  oxides  may  be  diluted  and 
neutralized  as  far  as  practicable  with  ammonia,  and  the  oxide 
of  iron  then  precipitated  by  succinate  or  bensoate  of  ammonia. 

Dry  asgay  of  Iron  ores, — The  object  of  the  dry  assay  of  an 
iron  ore  is  to  ascertain,  by  an  experiment  on  a  small  scale,  the 
amount  of  iron  which  the  ore  should  yield  when  smelted  on 
the  large  scale  in  the  blast  furnace.    For  this  purpose  tho 
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metal  must  be  deoxidised,  and  such  a  temperature  produced  as 
to  melt  the  metal  and  the  earths  associated  with  it  in  the 
ore,  so  that  the  former  may  be  obtained  as  a  dense  button  at 
the  bottom  of  the  crucible,  and  the  latter  in  a  lighter  glass  or 
•lag  above  it.  Such  a  temperature  can  only  be  obtained  in 
a  wind  furnace,  connected  with  a  chimney  at  least  thirty  feet 
high ;  and  when  made  expressly  for  assaying,  the  furnace  is 
generally  built  of  such  a  size  that  four  assays  may  be  made  at 
the  same  time,  namely  about  fourteen  inches  square  and  two 
feet  in  depth  from  the  under  side  of  the  cover  to  the  moveable 
bars  of  iron  which  form  the  grate.  In  order  that  the  substances 
associated  with  the  iron  in  the  ore,  should  form  a  fusible  com- 
pound it  is  usually  requisite  to  add  a  flux,  the  nature  of  which 
will  depend  on  the  character  of  the  ore  under  examination. 
Berthier  divides  iron  ores  into  five  classes : — 1.  The  almost  pure 
oxides,  such  as  the  maanetie  oxide,  ologutie  iron,  and  the  hw^ 
maHf-e9,  2.  Ores  containing  silica,  but  free,  or  nearly  so,  from 
any  other  admixture.  8.  Ores  containing  silica  and  various 
bases,  such  as  lime,  tna^esia,  (dwnina,  oxide  of  manganese, 
oxide  of  titanium,  oxide  of  tantalum,  oxide  of  chromium,  or 
oooide  of  tungsten,  but  little  or  no  Hlica,  5.  Ores  containing 
eilicay  lime,  and  another  base,  and  which  are  fusible  alone. 
Ores  of  the  first  class  may  be  reduced  without  any  flux ;  but  it 
is  alwavs  better  to  employ  one,  as  it  greatly  facilitates  the 
formation  of  the  button :  borax  may  be  used,  or  better,  a  fusi- 
ble earthy  silicate,  such  as  ordinary  flint-glass.  Ores  of  the 
second  class  require  some  base  to  serve  as  a  flux,  such  as 
carbonate  of  soda,  or  a  mixture  of  carbonate  of  lime  and  clay^ 
or  of  carbonate  of  lime  and  dolomite.  Ores  of  the  third  class 
are  mixed  with  carbonate  of  lime  in  the  proportion  of  from 
one-half  to  three-fourths  of  the  weight  of  the  foreign  matter 
present  in  the  ore.  Ores  of  the  fourth  class  require  as  a  flux 
silica  in  the  form  of  rounded  quartz,  and  generally  also  soma 
lime.  The  manganesian  spatnic  ores  which  belong  to  this 
class,  may  be  assayed  with  tne  addition  of  silica  alone,  but  the 
magnesian  spathic  ores  require  lime.  Ores  of  the  fifth  class 
require  no  flux. 

Method  of  conducting  the  aseag, — One  hundred  grains  of  the 
ore  finely  pulverized,  and  passed  through  a  silk  -sieve,  are 
well  mixed  with  the  flux,  and  the  mixture  introduced  into  the 
smooth  concavity  made  in  the  centre  of  a  crucible  that  lias 
been  lined  with  charcoal.    The  lining  of  the  crucible  is  effected 
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by  partially  filling  it  with  coarsely  powdered  and  slightly 
damped  charcoal,  which  is  then  rammed  into  a  solid  form  by 
the  use  of  a  light  wooden  pestle.  The  mingled  ore  and  flux 
must  be  covered  with  charcoal.  The  crucible  thus  filled,  is 
closed  with  an  earthen  lid  luted  on  with  fire  clay,  and  is  then 
set  on  its  base  in  the  air-furnace.  The  heat  should  be  very 
slowly  raised ;  the  damper  remaining  closed  during  the  first 
half-hour.  In  this  way  the  water  of  the  damp  chare-oal  exhales 
slowly,  and  the  deoxidation  of  the  ore  is  completed  before 
the  fusion  begins ;  if  the  heat  were  too  high  at  first,  the  lutins 
would  probably  split,  and  moreover  the  slag  formed  would 
dissolve  some  oxide  of  iron,  which  would  of  course  be  lost  to 
the  button,  and  thus  give  an  erroneous  result.  After  half  an 
hour  the  damper  is  gradually  opened,  and  the  furnace  being 
filled  with  fresh  coke,  the  temperature  is  raised  progressively 
to  a  white  heat,  at  which  pitch  it  must  be  maintained  for 
a  quarter  of  an  hour :  the  damper  is  then  closed,  aud  the 
furnace  allowed  to  cool.  As  soon  as  the  temperature  is  suffi-. 
ciently  reduced,  the  crucible  is  removed,  ana  opened  over  a 
sheet  of  brown  paper ;  the  hrctsque  is  carefully  removed,  and 
the  button  of  cast  iron  taken  out  and  weighed.  If  the  experi- 
ment has  been  entirely  successful,  the  iron  will  be  found  at  the 
bottom  of  the  crucible  in  a  small  rounded  button,  and  the  slag 
will  be  entirely  free  from  any  adhering  metallic  globules,  and 
will  resemble  in  appearance  green  bottle-glass ;  should,  how- 
ever, the  slag  contain  small  metallic  particles,  the  experiment 
is  not  necessarily  a  failure,  as  they  may  generally  be  recovered 
by  washing,  and  the  magnet :  but  if,  on  breaking  the  crucible, 
the  reduced  metal  should  be  found  in  a  partially  melted  state, 
and  not  collected  into  a  distinct  mass,  it  indicates  either  too 
low  a  temperature  or  an  improper  selection  of  fiuxes,  and  the 
experiment  must  be  repeated.  The  iron  obtained  is  not  chemi- 
cally pure ;  it  contains  carbon,  and,  if  the  ore  be  manganiferous, 
manganese :  the  result  is  therefore  somewhat  too  high,  though 
indicating  with  sufficient  exactness  for  all  manufacturing  pur* 
poses,  the  richness  of  the  ore  assayed. 

Humid  assay  of  iron  ores.  —  Too  great  care  cannot  be 
bestowed  on  the  sampling  of  ores  intended  for  analysis.  To 
expend  sonnuch  time  and  labour  on  an  isolated  specimen  (un- 
less for  a  special  object)  is  worse  than  useless.  The  sample- 
operated  upon  should  be  selected  from  a  large  heap  which 
should  be  thoroughly  gone  over,  and  several  pieces  taken  from 
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different  parts ;  these  should  be  coarsely  powdered  and  mixed, 
and  about  half  a  pound  taken  from  the  mass  should  be  pre- 
served in  a  well-stoppered  bottle  for  the  analysis. 

(1.)  Determination  of  water  (hydroscopic  and  combined), — 
About  50  fi^ins  of  the  ore  are  dried  in  the  water-oren, 
Fig.  61  B,  till  no  further  loss  of  weight  takes  place ;  the  loss 
indicates  hygroscopic  water ;  the  residue  is  introduced  into  a 
tube  of  hard  glass,  to  which  is  adapted  a  weighed  tube  con- 
taining chloride  of  calcium;  the  powder  is  then  gradually 
raised  to  a  low  red-heat,  the  combined  water  is  thereby  ex- 
pelled, and  its  amount  determined  by  the  increase  in  weight  of 
the  chloride  of  calcium  tube.  Some  ores  (the  hydrated  h»ma' 
tites)  contain  as  much  as  12  per  cent,  of  combined  water. 

(2.)  Sulphuric  acid  and  sulphur.  —  From  30  to  50  grains 
of  the  ore  are  digested  with  hydrochloric  acid,  filtered  and 
washed.  The  filtrate,  concentrated,  if  necessary,  by  evapora- 
tion, is  precipitated  by  excess  of  chloride  of  barium.  The 
insoluble  residue  on  the  filter  is  fused  in  a  platinum  or  gold 
crucible,  with  nitre  and  carbonate  of  soda ;  the  fused  mass  is 
dissolved  in  hydrochloric  acid,  evaporated  to  dryness,  redis- 
solved  in  dilute  hydrochloric  acid,  filtered,  and  precipitated  as 
before,  by  chloride  of  barium ;  even  100  parts  of  the  sulphate 
of  baryta  produced  indicate  13*734  parts  of  sulphur,  corre- 
sponding with  25*48  parts  of  pyrites.  In  the  analysis  of  hsma^ 
tites  it  is  necessary  to  bear  in  mind  that  perchloride  of  iron  is 
partiallv  reduced  when  boiled  with  finely  divided  iron  pyrites 
and  hydrochloric  acid,  sulphuric  acid  being  formed.  (Dick.) 

(3.)  Fhosphoric  acid. — F'rom  50  to  75  grains  of  the  ore  are 
digested  with  hydrochloric  acid  and  filtered.  The  clear  solu- 
tion, which  should  not  be  too  acid,  is  boiled  with  sulphite  of 
ammonia,  added  gradually  in  small  quantities,  till  it  either 
becomes  colourless  or  acquires  a  pale  green  colour,  indicating 
that  the  peroxide  of  iron  originally  present  has  been  reduced 
to  protoxide.  The  solution  is  nearly  neutralized  with  carbo- 
nate of  ammonia,  excess  of  acetate  of  ammonia  added,  and  the 
liquid  boiled ;  strong  solution  of  perchloride  of  iron  is  then 
added,  drop  by  drop,  until  the  precipitate  which  forms  has 
a  distinct  red  colour :  this  precipitate,  which  contains  all  the 
phosphoric  acid  originally  present  in  the  ore,  is  collected  on  a 
filter,  washed,  and  redissolved  in  hydrochloric  acid,  tartaric 
acid  added,  and  then  ammonia.  From  this  ammoniacal  solu- 
tion the  phosphoric  acid  is  finally  precipitated  as  ammonio- 
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magneBia.  phosphate,  by  the  addition  of  chloride  of  ammoniun,, 
sulphate  of  magnesia,  and  ammonia.  The  precipitate  is  allowed 
24  nours  to  subside,  it  is  then  collected  on  a  filter,  and  if  it 
has  a  yellow  colour,  which  is  almost  invariably  the  case,  it  is 
redissolved  in  hydrochloric  acid,  and  more  tartaric  acid  being 
added,  it  is  again  precipitated  by  ammonia :  100  parts  of  the 
ignited  pyrophosphate  of  magnesia  correspond  to  63*8  parts  of 
phosphoric  acid. 

(4.)  DeterminaHon  of  the  remaining  constituents, — 25  or  30 
grains  of  the  finely-powdered  ore  are  digested  for  about  half 
an  hour  with  strong  hydrochloric  acid,  diluted  witli  boiling  dis* 
tilled  water,  and  filtered.  The  residue  on  the  filter  being 
thoroughly  washed,  the  solution  is  peroxidized,  if  necessary, 
by  the  addition  of  chlorate  of  potassa,  nearly  neutralized  by 
ammonia,  boiled  with  excess  of  acetate  of  ammonia,  and  rapidly 
filtered  while  hot ;  the  filtrate  (which  should  be  colouness) 
together  with  the  washings,  is  received  in  a  flask,  ammonia  is 
added,  and  then  a  few  drops  of  bromine,  and  the  flask  closed 
with  a  cork.  In  a  few  minutes,  if  manganese  be  present,  the 
liquid  acquires  a  dark  colour ;  it  is  allowed  to  remain  at  rest 
for  24  hours,  then  warmed,  and  rapidly  filtered  and  washed ; 
the  brown  substance  on  the  filter  is  hydrated  oxide  of  manga- 
nese :  it  loses  its  water  by  ignition,  and  then  becomes  Mns04, 
100  parts  of  which  correspond  to  92' 14  parts  of  protoxide. 

The  liquid  filtered  from  the  manganese  contains  the  lime 
and  nutffnesia ;  the  former  is  precipitated  by  oxalate  of  ammonia, 
and  the  oxalate  of  lime  formed  converted  by  ignition  into 
carbonate,  in  which  state  it  is  either  weighed,  having  been 
previously  evaporated  with  carbonate  of  ammonia,  or  it  is  con- 
verted into  sulphate  by  the  addition  of  a  few  drops  of  sulphuric 
acid,  evaporation,  and  ignition.  The  lime  being  separated,  the 
magnesia  is  thrown  down  as  ammonio-magnesian  phosphate  by 
phosphate  of  soda  and  ammonia,  and  after  standing  for  twenty- 
four  hours  it  is  collected  on  a  filter,  washed  with  cold  ammonia- 
water,  dried,  ignited,  and  weighed  ;  100  parts  of  carbonate  of 
lime  correspond  to  56*0  of  lime ;  100  parts  of  sulphate  of  lime 
to  40*1  of  lime,  and  100  parts  of  pyrophosphate  of  magnesia  to 
36*22  of  magnesia. 

The  red*precipitate  collected  on  the  filter  after  the  boiling 
with  acetate  of  ammonia,  consists  of  the  basic  acetate  of  iron^ 
and  perhaps  of  alumina,  together  with  the  phosphoric  acid.  It 
is  dissolved  in  a  small  quantity  of  hydrochloric  acid,  and  then 
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boiled  in  a  silver  or  platinum  basin  with  considerable  excess  of 
pare  caustic  potassa ;  the  alumina  (with  the  phosphoric  acid) 
18  hereby  dissolved,  the  insoluble  portion  is  allowed  to  subside, 
and  the  clear  liquid  is  then  decanted,  after  which  the  residue 
is  thrown  on  a  filter  and  washed ;  the  ^trate  and  washings  are 
supersaturated  with  hydrochloric  acid,  nearly  neutralized  with 
ammonia,  and  the  alumina  finally  precipitated  by  carbonate  of 
ammonia.  From  the  weight  of  the  ignited  precipitate,  the 
corresponding  amount  of  phosphoric  acid  determined  by  a 
separate  operation  is  to  be  deducted,  the  remainder  is  calculated 
as  alumina.  The  residue  left  after  digesting  the  ore  with 
hydrochloric  acid,  consists  principally  of  silica^  but  it  may  also 
contain  alumina,  peroxide  of  iron,  limey  magnenay  and  potasM. 
For  practical  purposes  it  is  rarely  necessary  to  submit  it  to 
minute  examination ;  should  such  be  desired,  it  must  be  dried, 
ignited,  and  weighed,  then  fused  in  a  platinum  crucible  with 
four  times  its  weight  of  mixed  alkaline  carbonates,  the  fused 
mass  dissolved  in  dilute  hydrochloric  acid,  and  evaporated  to 
dryness,  the  residue  moistened  with  strong  hydrochloric  acid, 
and  after  standing  at  rest  for  some  hours,  digested  with  hot 
water,  filtered,  and  the  siliea  on  the  filter  ignited  and  weighed. 
The  alumina^  lime,  oxide  of  iron,  and  magnesia  in  the  filtrate 
are  separated  from  each  other  according  to  the  instructions 
given  above ;  the  potassa  is  estimated  by  a  distinct  process. 

(5.)  Carbonic  acid, — This  acid,  which  constitutes  a  considerable 
part  of  the  weight  of  that  large  and  important  class  of  ores,  the 
clag  ironstones,  is  estimated  by  noting  the  loss  sustained  after 
adding  to  a  weighed  portion  of  the  ore  sulphuric  acid,  and  thus 
evolving  the  gas  (see  "  Carbonic  Acid") ;  or  more  roughly,  by 
the  loss  sustained  in  the  entire  analysis.  Another  method  is 
to  fuse  20  or  25  grains  of  the  ore  with  60  or  80  grains  of  dry 
borax,  and  noting  the  loss,  which  consists  of  water  and  car- 
bonic acid ;  by  deducting  the  water  obtained  in  a  previous  ex- 
periment, the  quantity  of  carbonic  acid  is  obtained.  This  me- 
thod, however,  can  scarcely  be  recommended  on  account  of  the 
corrosion  of  the  crucible,  though  the  results  are  verj  accurate. 

(6.)  Determination  of  the  iron, — This  is  performed  on  a  se- 
parate port'ion  of  the  ore,  either  by  the  volumetric  method 
of  Marguerite,  or  by  that  of  Dr.  Penny :  both  give  very  exact 
results. 

(a.)  Marguerites  method. — This  is  based  on  the  reciprocal  ac- 
tion of  the  salts  of  protoxide  of  iron  and  permanganate  of  po- 
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tassa,  whereby  a  quantity  of  the  latter  is  decomposed  exactly 
proportionate  to  the  quantity  of  iron.  The  ore  (aoout  10  or  15 
grams)  is  dissolved  in  hydrochloric  acid,  and  the  metal  brought 
to  the  minimum  of  oxidation  by  boiling^  the  solution  with  suU 
phite  of  soda  (or  better,  by  pure  metallic  zinc) ;  the  solution  of 
permanganate  of  potassa  is  then  cautiously  added  drop  by  drop, 
until  the  pink  colour  appears,  and  the  number  of  divisions  of 
the  burette  required  for  the  purpose  accurately  noted.  The 
solution  should  be  considerably  diluted,  and  there  must  be  a 
sufficient  quantity  of  free  acid  present  to  keep  in  solution  the 
peroxide  of  iron  formed,  and  also  the  oxide  of  manganese.  The 
whole  of  the  iron  must  be  at  the  minimum  of  oxidation,  and 
the  excess  of  sulphurous  acid  must  be  completely  expelled :  if 
the  latter  precaution  be  neglected  an  erroneous  result  will  be 
obtained,  as  the  sulphurous  acid  will  itself  take  oxygen  from 
the  permanganic  acid,  and  thus  react  in  the  same  manner  as 
iron. 

To  prepare  the  permanganate  of  potassa,  7  parts  of  chlorate 
of  potassa,  10  parts  of  hydrate  of  potassa,  and  8  parts  of  per- 
oxide of  manganese  are  intimately  mixed.  The  manganese 
must  be  in  the  finest  possible  powder,  and  the  potassa  having 
been  dissolved  in  water,  is  mixed  with  the  other  substances, 
dried,  and  the  whole  heated  to  very  dull  redness  for  an  hour. 
The  fused  mass  is  digested  with  water,  so  as  to  obtain  as  con- 
centrated a  solution  as  possible,  and  dilute  nitric  acid  added 
till  the  colour  becomes  violet ;  it  is  afterwards  filtered  through 
asbestos.  The  solution  must  be  defended  from  the  contact  of 
organic  matter,  and  kept  in  a  glass  stoppered  bottle.  If  the 
solution  be  evaporated,  it  yields  beautiful  red  acicular  crystals. 
It  is  better  to  employ  the  crystals  in  the  preparation  of  the 
test-liquor,  as  the  solution  keeps  much  better  when  no  manga- 
nate  is  present.  To  prepare  the  normal  or  test-liquor,  a  cer- 
tain quantity,  say  6  grains  of  pianoforte  wire,  are  dissolved 
in  pure  hydrochloric  acid ;  after  the  disengagement  of  hydrogen 
has  ceased,  and  the  solution  is  complete,  the  liquor  is  diluted 
with  about  a  pint  of  water,  and  accurately  divided  by  measure- 
ment into  two  equal  parts,  the  number  of  burette  divisions  of 
the  solution  of  permanganate  required  to  produce  in  each  the 
pink  colour  is  accurately  noted,  and  this  number  is  then  em- 
ployed to  reduce  into  weight  the  result  of  the  analysis  of  an 
ore.  A  useful  normal  liquor  is  made  by  dissolving  100  grains 
of  the  crystals  in  10,000  grains  of  water. 
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(b.)  Fenny*s  method. — This  is  based  on  the  reciprocal  action 
of  chromic  acid  and  protoxide  of  iron,  whereby  a  transference 
of  oxygen  takes  place,  the  protoxide  of  iron  becoming  con- 
yerted  into  peroxide,  and  the  chromic  acid  into  sesquioxide  of 
chromium.  The  process  is  conducted  as  follows  : — A  coutc- 
nient  quantity  of  the  specimen  is  reduced  to  coarse  powder, 
and  one-half  at  least  of  this  is  still  further  pulverized  until 
it  is  no  longer  gritty  between  the  fingers.  The  test  solution 
of  bichromate  of  potassa  is  next  prepared,  444  grains  of  this 
salt,  in  fine  powder,  are  weighed  out,  and  put  into  a  burette 
graduated  into  100  equal  parts ;  warm  distilled  water  is  afber-^ 
wards  poured  in  until  the  instrument  is  filled  to  0.  The  palm 
of  the  hand  is  then  securely  placed  on  the  top,  and  the  con- 
tents agitated,  by  repeatedly  inverting  the  instrument,  until 
the  salt  is  dissolved,  and  the  solution  rendered  of  uniform 
density  throughout.  Each  division  of  the  solution  thus  pre* 
pared  contains  0*444  grain  of  bichromate,  which  Dr.  Penny 
ascertained  to  correspond  to  half  a  grain  of  metallic  iron.  The 
bichromate  must  be  pure,  and  should  be  thoroughly  dried  by 
being  heated  to  incipient  fusion.  100  grains  of  the  pulverized 
ironstone  are  now  introduced  into  a  Florence  flask  with  1^  oz. 
by  measure  of  strong  hydrochloric  acid  and  \  oz.  of  water: 
heat  is  cautiously  applied,  and  the  mixture  occasionally  agi- 
tated, until  all  effervescence  caused  by  the  escape  of  carbonic 
acid  ceases  ;  the  heat  is  then  increased,  and  the  mixture  made 
to  boil,  and  kept  at  a  moderate  ebullition  for  ten  minutes  or  a 
quarter  of  an  hour ;  about  6  oz.  of  water  are  next  added,  and 
mixed  with  the  contents  of  the  flask,  and  the  whole  filtered 
into  an  evaporating-basin.  The  flask  is  rinsed  several  times 
with  water,  to  remove  all  adhering  solution,  and  the  residue 
on  the  filter  is  well  washed.  Several  small  portions  of  a  weak 
solution  of  redprussiate  of  potassa  (containing  1  part  of  salt  to 
40  of  water)  are  now  dropped  upon  a  white  porcelain  slab, 
which  is  conveniently  placed  for  testing  the  solution  in  a  basin 
during  the  next  operation.  The  prepared  solution  of  bichro- 
mate of  potassa  in  the  burette  is  then  added  very  cautiously 
to  the  solution  of  iron,  which  must  be  repeatedly  stirred,  and 
as  soon  as  it  assumes  a  dark  greenish  shade  it  should  be 
occasionally  tested  with  the  red  prussiate :  this  may  easily  be 
done  by  taking  out  a  small  quantity  on  the  end  of  a  glass 
rod  and  mixing  it  with  a  drop  of  the  solution  on  the  porcelain 
slab.    When  it  is  noticed  that  the  last  drop  communicates  a 
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distinct  blue  tinge,  the  operation  is  terminated;  the  burette 
is  allowed  to  drain  for  a  few  minutes,  and  the  number  of 
divisions  of  the  test  liquor  consumed,  read  off.  This  number 
multiplied  by  2  gives  the  amount  of  iron  per  cent.  The 
necessary  calculation  for  ascertaining  the  corresponding  quan- 
tity of  protoxide  is  obvious.  If  the  specimen  should  contain 
iron  in  the  form  of  peroxide,  the  hydrochloric  solution  is  de- 
oxidized by  sulphite  of  ammonia.  The  presence  of  peroxide 
of  iron  in  an  ore  is  easily  detected  by  dissolving  30  or  40  grains 
in  hydrochloric  acid,  diluting  with  water,  and  testing  a  portion 
of  the  solution  with  suipho-cyemide  qfpotas9vum.  If  a  decided 
blood-red  colour  is  produced,  peroxide  of  iron  is  present.  If 
it  be  desired  to  ascertain  the  relative  proportions  of  peroxide 
and  protoxide  in  an  ore,  two  operations  must  be  performed, 
one  on  a  quantity  of  ore  that  has  been  dissolved  in  hydro- 
chloric acid  in  a  stout  closed  bottle,  or  in  a  flask  through 
which  a  current  of  carbonic  acid  gas  is  maintained,  and  another 
on  a  second  quantity  that  has  been  dissolved  as  usual  and  then 
deoxidized  by  sulphite  of  ammonia  or  by  pure  metallic  zinc. 
It  is  advisable  to  employ  the  solution  of  bichromate  much 
weaker  than  that  proposed  by  Penny,  and  to  employ  a  burette 
graduated  to  cubic  millimetres — a  good  strength  is  1  grain  of 
metallic  iron=10  cubic  centimetres  of  bichromate. 

Metals  preeipitahle  hy  Sulphuretted  Hydrogen  from  the 
Hydrochloric  solution, — A  weighed  portion  of  the  ore,  varying 
from  500  to  2000  grains,  is  digested  for  a  considerable  time  in 
hydrochloric  acid:  the  solution  is  Altered  off;  the  iron  in  the 
filtrate  reduced  when  necessarv  by  sulphite  of  ammonia,  and 
a  current  of  sulphuretted  hydrogen  passed  through  it.  The 
small  quantity  of  sulphur  (which  is  always  suspended)  is  col- 
lected on  a  filter  and  thoroughly  washed ;  it  is  then  incinerated 
at  as  low  a  temperature  as  possible.  The  residue  (if  any)  is 
mixed  with  carbonate  of  soda  and  heated  upon  charcoal  before 
the  blowpipe :  any  globules  of  metal  that  may  be  obtained  are 
dissolved  and  tested. 

Analysis  of^ig  Iron. — The  most  important  constituents  to 
be  determined  are  carbon  (combined  and  uncombined),  silicon, 
sulphur,  phosphorus ;  those  of  less  consequence,  or  of  more 
rare  occurrence,  are  manganese,  arsenic,  copper,  zinc,  chromium, 
titanium,  cobalt,  nickel,  tin,  aluminum^  calcium,  magnesium, 
and  the  metals  of  the  alkaUes. 

(1.)  Determination  of  the  total  amount  of  Carbon, — ^About  100 
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grains  of  the  iron  in  small  pieces  are  digested,  at  a  moderate 
temperature,  in  6-oe.  measures  of  a  solution  formed  by  dissolv- 
ing 6  oz.  of  crystallized  sulphate  of  copper,  and  4  oz.  of  com- 
mon salt  in  20  oz.  of  water  and  2  oz.  of  concentrated  hydro- 
chloric acid.  The  action  is  allowed  to  proceed  until  all,  or  nearly 
all  the  iron  is  dissolved.  Carbon  and  copper  are  left  insoluble  ; 
these  are  collected  on  a  filter,  and  washed  first  with  dilute  hy- 
drochloric acid  (to  prevent  the  precipitation  of  subchloride  of 
copper),  then  with  water,  then  with  dilute  caustic  potassa,  and 
finally  with  boiling  water.  The  mixed  carbon  and  copper  are 
dried  on  the  filter,  from  which  they  are  easily  removed  by  a  kuife- 
blade,  and  are  mixed  with  oxide  of  copper,  and  burnt  in  a  com- 
bustion tube  in  the  usual  way,  with  a  current  of  air  or,  still  better, 
of  oxygen.  The  carbonic  acid  is  collected  in  Liebig's  appara- 
tus, and  from  its  weight  the  amount  of  carbon  is  calculated. 

(2.)  Graphite,  or  Unconibined  Carbon, — A  weighed  portion  of 
the  finely  divided  iron  (filings  or  borings  may  be  used)  is  di- 
gested with  moderately  strong  hydrochloric  acid  ;  the  combined 
carbon  is  evolved  in  combination  with  hydrogen,  while  the  gra- 
phite is  left  undissolved.  It  is  collected  on  a  filter,  washed, 
and  then  boiled  with  a  solution  of  caustic  potassa,  sp.  gr.  1'27, 
in  a  silver  dish  ;  the  silica  which  existed  in  the  iron  in  the  form 
of  silicon  is  herebv  dissolved;  the  clear  caustic  solution  is 
drawn  off  by  a  pipe  or  siphon,  and  the  black  residue  repeatedly 
washed ;  it  is  dried  at  as  high  a  temperature  as  it  will  bear,  and 
weighed ;  it  is  then  heated  to  redness  in  a  current  of  air,  until 
the  whole  of  the  carbon  is  burnt  oflT.  A  reddish  residue  gene- 
rally remains,  which  is  weighed,  and  the  weight  deducted  from 
that  of  original  black  residue, — ^the  difference  gives  the  amount 
of  graphite.     This  residue  frequently  contains  titanic  acid. 

(3.)  Silicon. — The  amount  of  this  element  is  determined  by 
evaporating  to  dryness  a  hydrochloric  solution  of  a  weighed 
quantity  of  the  metal :  the  dry  residue  is  re-digested  with  hy- 
drochloric acid,  diluted  with  water,  boiled  and  filtered ;  the  in- 
soluble matter  on  the  filter  is  washed,  dried,  and  ignited,  until 
the  whole  of  the  carbon  is  burnt  off;  it  is  then  weighed,  after 
which  it  is  digested  with  solution  of  potassa,  and  the  residue,  if 
any,  washed,  dried,  ignited,  and  weighed  :  the  difference  be- 
tween the  two  weights  gives  the  amount  of  silicic  acid,  100 
parts  of  which  indicate  47  parts  of  silicon. 

(4.)  Phosphorus. — A  weighed  portion  of  the  metal  is  digested 
in  nitro-hydrochloric  acid,  evaporated  to  dryness,  and  the  resi- 
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due  re-digested  with  hydrochloric  acid.  The  solution  is  treated 
precisely  as  recommeuded  for  the  determination  of  phosphoric 
acid  in  ores ;  every  100  parts  of  pyrophosphate  of  magnesia 
indicate  27*87  parts  of  phosphorus. 

(5.)  Sulphnr. — In  grey  iron  this  element  is  very  conveniently 
and  accurately  estimated  by  allowing  the  gas  evolved  by  the  ac- 
tion of  hydrochloric  acid  on  a  weighed  quantity  (about  100 
grains)  of  the  metal,  in  filings  or  borings,  to  pass  slowly  through 
a  solution  of  acetate  of  lead  acidified  by  acetic  acid  :  the  sulphur, 
the  whole  of  which  takes  the  form  of  sulphuretted  hydrogen, 
enters  into  combination  with  the  lead,  forming  a  black  precipi- 
tate of  sulphide  of  lead,  which  is  collected,  washed,  and  con- 
verted into  sulphate  of  lead,  by  digesting  it  with  nitric  acid, 
evaporating  to  dryness,  and  gently  igniting :  100  parts  sulphate 
of  lead =10*55  sulphiu:.  The  most  minute  quantity  of  sulphur 
in  iron  is  detected  by  this  process.  If,  however,  crude  whiie 
iron  is  under  examination,  this  method  does  not  give  satisfac- 
tory results  on  account  of  the  difficulty  with  which  it  is  acted 
upon  by  hydrochloric  acid ;  it  is  better,  therefore,  to  treat  the 
metal  with  nitro-hydrochloric  acid,  evaporate  to  dryness,  re- 
digest  with  hydrochloric  acid,  and  then  precipitate  the  filtered 
solution  with  excess  of  chloride  of  barium;  or  the  finely 
divided  metal  may  be  fused  in  a  gold  crucible  with  an  equal 
weight  of  pure  nitrate  of  soda  and  twice  its  weight  of  pure 
alkaline  carbonates ;  the  fused  mass  is  extracted  with  water 
acidified  with  hydrochloric  acid,  and  finally  precipitated  by  chlo- 
ride of  barium.  M.  K'ickles  (Joum,  de  Pharm.  et  de  Chimie) 
suggests  the  use  of  pure  bromine  mixed  with  distilled  water  as 
a  solvent  for  cast  iron  or  steel. 

(6.)  Manganese. — This  metal  is  determined  by  the  process  de- 
scribed for  its  estimation  in  iron  ores  ;  the  iron  must  exist  in 
the  solution  in  the  form  of  sesquioxide. 

(7.)  Arsenic  and  Copper, — The  nitro-hydrochloric  solution  of 
the  metal  is  evaporated  to  dryness,  re-digested  with  hydrochloric 
acid,  and  filtered.  The  iron  in  the  clear  solution  is  reduced  to 
protocbloride  by  boiling  with  a  sufficient  quantity  of  sulphite  of 
ammonia ;  the  solution  is  boiled  till  it  has  lost  all  smell  of  sul- 
phurous acid.  It  is  then  saturated  with  sulphuretted  hydro- 
gen, and  allowed  to  stand  for  twenty -four  hours  in  a  closed 
vessel,  the  excess  of  gas  is  boiled  oft*,  and  the  precipitate,  if 
any,  collected  on  a  small  filter  and  well  washed ;  it  is  digested 
with  monosulphide  of  potassium,  which  dissolves  the  sulphide  of 
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arsenic,  leaving  the  sulphide  of  copper  untouched ;  the  latter 
is  decomposed  hy  heating  with  nitnc  acid,  and  the  presence  of 
copper  evinced  by  the  addition  of  ammonia,  which  produces  a 
fine  blue  colour ;  the  sulphide  of  arsenic  is  precipitated  from 
its  solution  in  sulphide  of  potassium  by  dilute  sulphuric  acid  ; 
it  may  be  redissolved  in  aqua-regia,  and  the  nitric  acid  having 
been  expelled  by  evaporation,  the  arsenic  may  be  reduced  in 
Marsh's  apparatus.     (See  Absekic.) 

(8.)  Nickel  and  Cobalt. — These  metals,  if  present,  willbe  found 
in  the  solution  from  which  the  copper  and  arsenic  have  been 
precipitated  by  sulphuretted  hydrogen.  The  solution  is  per- 
oxidized,  and  the  sesquioxide  of  iron  precipitated  by  slight  ex- 
cess of  carbonate  of  baryta,  after  which  the  nickel  and  cobalt 
are  precipitated  by  sulphide  of  ammonium. 

(9.)  Chromium  and  Vanadium. — ^These  metals,  which  should 
be  looked  for  in  the  carbonaceous  residue  obtained  by  dissolving 
a  large  quantity  of  the  iron  in  dilute  hydrochloric  or  sulphuric 
acid,  are  detected  as  follows  (Wohler)  : — The  ignited  residue 
is  intimately  mixed  with  one-third  of  its  weight  of  nitre,  and 
exposed  for  an  hour  in  a  crucible  to  a  gentle  ignition.  When 
cool,  the  mass  is  powdered  and  boiled  with  water.  The  filtered 
solution  is  gradually  mixed  and  well  stirred  with  nitric  acid, 
taking  care  that  it  may  still  remain  slightly  alkaline,  and  that 
no  nitrous  acid  is  liberated  which  would  reduce  the  vanadic  and 
chromic  acids.  The  solution  is  then  mixed  with  an  excess  of 
solution  of  chloride  of  barium  as  long  as  any  precipitate  is  pro- 
duced. The  precipitate,  which  consists  of  vanadate  and  chro- 
mate  of  baryta,  is  decomposed  with  slight  excess  of  dilute  sul- 
phuric acid,  and  filtered.  The  filtrate  is  neutralized  with  am- 
monia, concentrated  by  evaporation,  and  a  fragment  of  chloride 
of  ammonium  placed  in  it.  In  proportion  as  the  solution  be- 
comes saturated  with  chloride  of  ammonium,  vanadate  of  am- 
monia is  deposited  as  a  white  or  yellow  crystalline  powder.  To 
test  for  chromium  only,  the  mass  after  fusion  with  nitre  is  ex- 
tracted with  water,  and  then  boiled  with  carbonate  of  ammonia ; 
the  solution  is  neutralized  with  acetic  acid,  and  then  acetate  of 
lead  added :  the  production  of  a  yellow  precipitate  indicates 
chromio  acid. 

(10.)  Aluminum. — This  metal  is  best  separated  from  iron,  by 
first  reducing  the  latter  to  the  state  of  protoxide  by  sulphite  of 
ammonia,  then  neutralizing  with  carbonate  of  soda,  and  after- 
wards boiling  with  excess  of  caustic  potassa,  until  the  precipi- 
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tate  is  black  and  pulverulent.  The  solution  is  then  filtered  off, 
slightly  acidulated  with  hydrochloric  acid,  and  the  alumina  pre- 
cipitated by  sulphide  of  ammonium. 

(11.)  Calcium  and  Magnesium. — These  metals  are  found  in  the 
solution  from  which  the  iron  and  aluminum  have  been  separated ; 
they  both  exist  probably  (together  with  the  aluminum)  in  the 
cast-iron  in  the  form  of  9lag,  and  are  best  detected  in  the  black 
residue  which  is  left  on  dissolving  the  iron  in  dilute  sulphuric 
or  hydrochloric  acid.  After  digesting  this  residue  with  caustic 
potassa,  and  burning  away  the  graphite,  a  small  quantity  of  a 
red  powder  is  left,  which  is  composed  of  silicic  acid,  oxide  of 
iron,  alumina,  lime,  magnesia,  and  perhaps  titanic  acid ;  if  500 
grains  of  cast-iron  are  operated  upon,  a  sufficient  quantity  of 
insoluble  residue  will  bo  obtained  for  a  quantitative  determi- 
nation of  its  constituents.  Moderately  strong  acid  should  be 
used,  and  no  heat  applied ;  it  should  be  allowed  to  act  on  the 
iron  for  about  a  week,  being  repeatedly  agitated. 

(12.)  Determination  of  Carbon  in  Cast  Iron  and  Steel, — About 
100  grains  of  the  steel  in  small  pieces  are  digested  in  6-oz.  mea- 
sures of  a  solution  of  chloride  of  copper  made  by  mixing  6  oz. 
of  crystallized  sulphate  of-  copper,  and  4  oz.  of  chloride  of  so- 
dium with  20  oz.  of  water,  and  2  oz.  of  concentrated  hydrochlo- 
ric acid.  The  mixture  is  warmed  only,  not  heated  so  as  to 
evolve  hydrogen.  The  action  is  allowed  to  proceed  until  all,  or 
nearly  all,  of  the  steel  is  dissolved.  The  residue,  consisting  of 
carbon  and  metallic  copper,  is  collected  on  a  filter  and  washed 
with  dilute  hydrochloric  acid  to  prevent  the  precipitation  of 
subchloride  of  copper,  then  with  water,  then  with  dilute  caustic 
potassa,  to  ensure  the  removal  of  all  the  acid,  and  finally  with 
water,  it  is  then  dried.  The  carbon  and  copper  are  easily  re- 
moved from  the  filter  by  the  blade  of  a  knife,  they  are  mixed 
with  oxide  of  copper,  and  burnt  in  a  combustion  furnace  with 
a  current  of  air  purified  from  carbonic  acid  by  passing  through 
solution  of  caustic  potassa ;  the  carbonic  acid  is  collected  as 
usual  in  Liebig's  bulbs  after  drying  by  chloride  of  calcium.  If 
ff7^aphite  be  present,  it  will  be  necessary  to  bum  the  carbon  in 
a  current  of  oxygen  gas. 

170.  Ueajtium. 

Oxide  of  Uranium  is,  according  to  Eose,  completely  precipi- 
tated from  its  acid  solutions,  havins(|)reviou8ly  saturated  them 
with  ammonia,  by  the  addition  of  sulphide  of  ammonium.  No 
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inconvenience  results  from  the  solution  containing  any  am- 
moniacal  salts,  except  carbonate  of  ammonia  and  all  alkaline 
carbonates.  The  precipitate  is  black  or  reddish -brown  if  the 
sulphide  be  greatly  in  excess.  It  is  washed  in  water  to  which 
sulphide  of  ammonium  is  added.  The  precipitate  is  essentially 
protoxide  of  uranium,  the  composition  of  which  is — 

One  equivalent  of  U  .     ,     .     .    60     .     .     8823 
Oue       ditto      of  O  .     .     .     .      8     .     .    11-77 


One      ditto      of  UO    .     .     •     68    .     .    10000 

After  being  dried,  it  is  ignited,  to  expel  any  little  sulphur  which 
may  be  retained  :  then  it  is  calcined  in  a  current  of  hydrogen  at 
a  high  temperature,  and  left  to  cool  in  the  gas.  The  protoxide 
is  thus  obtained  pure.  Should  the  solution  contain  much  salts 
of  potassa  or  of  other  strong  non-volatile  bases,  the  precipi- 
tate will  retain  a  small  quantity  of  these  bases. 

Separation  of  Oxide  of  Uranium Jrom  othermetallio  Oxides: — 

(a.)  JV'om  those  which  are  completely  precipitated  from  their 
solutions  by  Sulphide  of  Ammonium, 

Add  to  the  solution  excess  of  carbonate  of  ammonia  mixed 
with  sulphide  of  ammonium  ;  all  the  oxides  which  sulphide  of 
ammonium  transforms  into  sulphides  are  precipitated,  whilst 
the  protoxide  of  luranium  is  dissolved  in  the  carbonate  of  am- 
monia. Leave  the  mixture  to  deposit  in  a  closed  vessel ;  wash 
the  precipitate  by  decantation,  with  water  containing  carbonate 
of  ammonia  and  sulphide  of  ammonium,  and  then  filter.  Gently 
heat  the  filtered  liquid  to  expel  most  of  the  carbonate ;  de- 
compose the  sulphide  with  hydrochloric  acid,  oxidize  the  pro- 
toxide of  uranium  by  nitric  acid,  precipitate  the  oxide  by  am- 
monia, and,  before  weighing,  calcine  in  a  current  of  hydrogen. 

The  tendency  of  the  oxide  of  uranium  to  combine  with  bases, 
gives  rise  to  its  frequently  carrying  down  along  with  it,  in  its 
precipitation  by  ammonia,  bases  which  are  not  precipitated 
when  alone,  by  that  reagent,  such  as  baryta  and  lime.  If  the 
liquid  contain  much  potassa,  a  considerable  quantity  is  often 
found  in  the  precipitate,  which  is  easily  recognized  by  the 
orange-yellow  colour  perceptible  at  various  parts  of  the  heated 
precipitate.  Sulphuretted  hydrogen  separates  uranium  from 
a  great  number  of  metals.  The  oxide  may  be  separated  very 
easily  from  the  peroxide  of  iron  by  means  of  carbonate  of  am- 
monia ;  but  those  metals  whose  oxides  dissolve  in  part,  or  wholly, 
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in  carbonate  of  ammonia,  such  as  manfftmesey  zincy  eohaltj  and 
nickel,  hav^  been  regarded  difficult  of  separation  from  uranium. 
The  use  of  the  carbonates  of  soda  and  of  potassa  affords  a  yery 
exact  and  simple  means  of  effecting  their  removal ;  for  uranate 
of  potash  is  not  soluble  in  the  carbonate  of  potassa,  but  it  dissolves 
completely,  and  in  very  little  time,  in  a  liquid  saturated  with  a 
bicarbonated  alkali.  When  a  solution  of  a  salt  of  uranium  is 
precipitated  with  a  slight  excess  of  carbonate  of  potassa,  and 
the  hquid  diluted  with  water,  the  whole  of  the  uranium  is  dis- 
solvea,  and  imparts  to  it  a  jellow  colour.  In  both  cases  the 
double  salt  of  potassa  is  formed.  The  carbonates  of  zinr,  cobalt^ 
and  manganese  are,  on  the  contrary,  insoluble  in  carbonate  of 
potassa.  To  effect  their  separation,  the  solution  may  be  thrown 
down,  either  by  potassa,  the  precipitate  being  well  washed  and 
digested  with  bicarbonate  of  potassa,  which  will  only  dissolve  the 
the  oxide  of  uranium;  or  by  slight  excess  of  carbonate  of  po- 
tassa, the  precipitate  being  collected  on  a  filter,  and  washed  as 
long  as  the  liquor  which  passes  through  is  coloured.  On  add- 
ing to  a  solution  of  the  phosphate  or  arseniate  of  uranium,  in 
an  excess  of  carbonate  ot  potassa,  a  known  quantity  of  sesqui- 
oxide  of  iron  dissolved  in  nitric  acid,  those  two  acids  may  be 
completely  separated  from  the  uranium,  and  their  proportion 
determined  by  the  increase  in  weight  of  the  peroxide  of  iron. 
The  oxide  of  uranium  may  also  be  separated  by  potassa,  and 
the  phosphoric  and  arsenic  acids  )efb  in  solution. 

To  separate  the  oxide  of  uranium  in  solution,  it  may  be  sa- 
turated with  hydrochloric  acid,  boiled  to  expel  the  carbonic 
acid,  and  the  uranium  precipitated  by  ammonia ;  but  as  the 
liquor  contains  much  potassa,  the  precipitate  retains  a  certain 
quantity,  and  is  not  entirely  converted  into  the  state  of  green 
oxide,  which  makes  it  necessary  to  redissolve  it,  and  precipi- 
tate again  with  ammonia. 

To  extract  uranium  with  great  precision  from  the  uranate  of 
potassa  dissolved  in  hydrochloric  acid,  the  whole  is  evaporated 
to  dryness  in  a  platinum  crucible,  gradually  heated,  and  a  cur- 
rent of  dry  hydrogen  conveyed  into  it,  as  long  as  the  gas  which 
is  given  off  possesses  an  acid  reaction.  The  double  chloride  of 
potassium  and  uranium  is  converted  into  uranium  (so  called) 
in  the  form  of  a  black  powder,  which  is  separated  by  washing 
from  the  chloride  of  potassium. 

(b.)  Separation  from  Nickel,  Cobalt,  and  Zinc, — When  the 
oxide  of  uranium  in  its  preparation  from  pitchblende  is  so  far 
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purified  as  to  be  dissolved  in  carbonate  of  ammonia,  Wohler  di- 
rects to  mix  sulphide  of  ammonium  with  the  solution  as  long 
fts  a  black  precipitate  falls ;  in  this  way  the  nickel,  cobalt,  and 
zinc  are  entirely  separated,  no  uranium  being  precipitated. 
According  to  Berthier,  uranium  is  completely  separated  from 
iroHf  manganese,  cobalt^  nickel^  and  zinc^  by  boiling  the  solution 
after  the  addition  of  sulphite  of  ammonia. 

(c.)  IProm  Oxide  of  Iron  (Pisani). — As  oxide  of  uranium,  dis- 
solved in  carbonate  of  ammonia,  is  not  precipitated  by  am- 
mooiacal  sulphide,  we  have  only  to  add  to  the  liquid  separated 
by  filtration  with  the  oxide  of  iron,  several  drops  of  the  latter 
reagent,  to  eliminate  from  it  in  the  state  of  sulphide  the  small 
quantity^  of  iron  which  has  been  dissolved ;  after  filtering  we 
get  a  liquid  containing  all  the  uranium  without  auy  trace  of 
iron. 

Analy8i9  of  Pitchblende. — Of  the  various  methods  which 
have  been  employed  by  diflferent  chemists,  the  following, 
adopted  by  Arfwedson,  seems  on  the  whole  the  best.  The 
mineral  is  reduced  to  fine  powder,  and  digested  with  boiling 
aqua-regia ;  the  solution  is  evaporated  on  a  water  bath,  to  ex- 
pel the  excess  of  acid,  then  diluted  with  water,  and  precipi- 
tated by  sulphuretted  hydrogen,  sulphurous  acid  being  pre- 
viously added  to  reduce  the  arsenic  acid  to  arsenious  acid: 
arseniCj  copper,  lead,  and  bismuth  are  in  this  manner  precipi- 
tated. The  solution  is  filtered,  the  excess  of  sulphuretted  hy- 
drogen expelled  by  boiling,  and  ammonia  added :  the  precipi- 
tate thereby  formed  is  washed  and  dissolved,  whiie  yet  moist, 
in  carbonate  of  ammonia,  peroxide  of  iron  remains  undissolved, 
juid  is  separated  by  filtration.  The  solution  is  evaporated  till 
the  ammonia  is  volatilized,  whereupon  the  peroxide  of  ura- 
nium is  rendered  insoluble  ;  it  is  washed,  dried,  and  calcined 
in  a  platinum  crucible,  by  which  it  becomes  converted  into 
tirano-uranie  oxide  of  a  green  colour.  The  uranates  of  lime, 
^inc,  cobalt,  or  nickel,  which  may  have  been  present  in  the  so- 
lution, are  not  decomposed  by  the  calcination ;  they  are  readily 
dissolved,  however,  by  dilute  hydrochloric  acid,  which  acid 
fierves  therefore  to  separate  them  from  the  urano-uranic  oxide, 
which  is  thus  obtained  pure.  It  is  washed  first  with  dilute  acid, 
and  then  with  distilled  water. 

From  the  metallic  uranates  in  solution  in  hydrochloric  acid, 
oxide  of  uranium  may  be  obtained.  For  this  purpose  the  solution 
is  precipitated  by  ammonia,  the  dried  precipitate  is  reduced  by 
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hydrogen  gas,  and  treated  imniediatelj  ^nth  hydrochloric  acid, 
which  dissolves  all  the  foreign  metals,  leaving  protoxide  of  ura- 
nium insoluble. 

Another  method  (Kessler). — The  mineral  is  dissolved  in  nitric 
acid,  Mater  added,  and  sulphuretted  hydrogen  passed  into  the 
solution  at  the  temperature  of  about  86°  F.,  to  separate  ar- 
senic,  copper,  and  lead.  The  iron  in  the  liquid  is  then  again 
oxidized  either  by  chlorine  or  by  hot  nitric  acid,  tartaric  acid 
is  added,  the  fluid  is  saturated  with  ammonia,  when  everything 
remains  in  solution.  Bicarbonate  of  ammonia  well  saturated 
with  carbonic  acid  is  then  added,  the  solution  is  next  submitted 
again  rapidly  to  the  action  of  sulphuretted  hydrogen  as  long  as 
a  precipitate  is  formed ;  sulphides  of  zinCy  iron,  nickel,  sometimes 
cobalt,  are  separated,  whilst  the  oxide  of  uranium  remains  in 
solution.  These  solutions  are  washed  with  a  dilute  solution  of 
bicarbonate  of  ammonia  saturated  with  carbonic  acid,  and  con- 
taining sulphuretted  hydrogen. 

During  the  passage  of  the  sulphuretted  hydrogen  through 
the  tartaric  acid  fluid,  care  must  be  taken  to  maintain  an  excess 
of  carbonic  acid,  which  is  liable  to  be  displaced  by  sulphuretted 
hydrogen,  and  which  prevents  the  oxide  of  uranium  from  be- 
coming converted  into  sulphide,  and  the  other  metallic  sul- 
phides from  forming  green  sulphur-salts,  and  passing  through 
the  filter.  This  is  easily  done  by  adding  some  fragments  of 
marble  to  the  sulphide  of  iron  employed  in  furnishing  the  sul- 
phuretted hydrogen. 

To  extract  uranium  from  pitchblende,  Liebig  directs  to  heat 
the  mineral  to  redness,  then  reduce  it  to  an  impalpable  powder, 
and  digest  with  nitric  acid  diluted  with  four  parts  of  water, 
taking  care  to  employ  a  larger  quantity  of  mineral  than  the 
acid  can  dissolve.  By  this  process,  the  protoxide  of  uranium 
is  converted  into  sesquioxide,  which  unites  to  the  nitric  acid 
almost  to  the  total  exclusion  of  the  iron.  Sulphuretted  hy- 
drogen is  then  transmitted  through  the  solution,  by  which 
copper,  lead,  etc.,  are  separated.  The  solution  is  boiled  to  expel 
any  free  acid,  and  after  being  concentrated  by  evaporation,  is 
set  aside  to  crystallize.  Kitrate  of  uranium  crystallizes  in 
lemon-coloured  flattened  prisms. 

171.  Manganese. 

This  metal  is  quantitatively  estimated  as  protoxide^  as  red 
oxide,  or  as  protosulphate,  and  as  sulphide. 
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Quantitative  eitimation  at  Protoxide. — Ebelmen  prefers  re- 
ducing the  hi^^her  oxides  of  manganese  to  the  state  of  protoxide 
for  the  purpose  of  weighing.  To  perform  the  expenment,  he 
introduces  the  oxide  into  a  small  platinum  crucible,  the  lid  of 
which  has  a  small  platinum  tube  in  the  centre,  through  which 
a  current  of  dry  hydrogen  gas  is  conveyed  by  means  of  a  glass 
tube,  of  a  diameter  nearly  equal  to  that  in  the  crucible  cover; 
heat  is  applied  by  means  of  a  spirit  lamp ;  the  reduction  is 
complete  after  a  few  minutes,  and  a  rapid  current  of  gas  is 
passed  into  the  crucible  while  cooling ;  the  oxide  obtained  is 
quite  pure,  it  dissolves  in  hydrochloric  acid  without  rendering 
it  black,  and  without  disengaging  chlorine.  Its  composition 
is — 

One  equivalent  of  Mn  .     .     .     27'5     .     .     77*5 
One      ditto      ofO     .     .     .       8-0    .     .    22*5 

One      ditto       of MnO    .     .    355     .     .  1000 

Quantitative  estimation  as  Red  Oxide. — The  solution  is  heated 
to  boiling  with  excess  of  carbonate  of  soda.  Should  amraoniacal 
salts  be  present,  the  solution  must  be  treated  iu  the  same  man- 
ner as  in  the  precipitation  of  carbonate  of  zinc,  under  similar 
circumstances;  the  precipitate  is  thoroughly  washed,  dried, 
and  ignited,  by  which  it  is  decomposed  into  the  red  oxide 
(manganoso-manganic  oxide) ;  sometimes  the  solution  is  pre- 
cipitated with  caustic  potassa,  and  the  hydrated  protoxide  thus 
formed  is  converted  into  red  oxide  by  strong  ignition ;  it  must 
be  remembered,  however,  that  hydrated  protoxide  of  manga- 
nese is  soluble  in  sal-ammoniac.  It  is  sometimes  convenient 
also  to  precipitate  manganese  as  sulphide  by  adding  coloured 
sulphide  of  ammonium  to  the  solution  to  which  sal-ammoniac 
and  ammonia  have  been  added ;  the  precipitate,  having  been 
washed  with  water  containing  sulphide  of  ammonium,  is  digested 
with  hydrochloric  acid,  and  the  solution  precipitated  by  carbo- 
nate of  ammonia.  The  composition  of  red  oxide  of  manganese 
is — 

Three  equivalents  of  Mn     .     82-5     .    ,     7205 
Pour        ditto       of    0.     .    320    •    .    2795 

One  ditto  of  MnOH-MnjOj  114*5     .     .  10000 

Quantitative  estimation  as  Sulphate, — Oxide  of  manganese  is 
converted  into  protosulphate  in  the  same  manner  and  with  the 
same  precautions  as  magnesia ;  the  salt  must  be  ignited  very 
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feebly,  or  it  will  lose  sulphuric  acid.    Its  composition  is — 

Oneequivalent  of  MnO.     .     35-5     .     .     47*20 
One      ditto       of  SO3   .     .     40;0     .     .    5280 

One      ditto     ofMnO.SOj     755     .     .  10000 

Quantitative  estimation  as  Sulphide, — In  the  absence  of  am- 
moniacal  salts,  manganese  is  completely  precipitated  from  its 
solutions  by  sulphide  of  ammonium.  The  dried  sulphide  is 
introduced  into  a  crucible  mixed  with  a  little  sulphur.  The 
crucible  is  provided  with  a  perforated  cover,  through  which  a 
current  of  dry  hydrogen  gas  is  passed.  When  the  crucible  is 
full  of  hydrogen,  heat  is  applied  for  some  time,  the  crucible  is 
then  allowed  to  cool  whilst  the  gas  continues  to  pass,  at  the 
bottom  of  the  crucible  a  mass  of  sulphide  (MnS)  is  found, 
which,  when  not  much  heated,  is  green  and  black,  like  the 
native  sulphide  when  red-hot.  The  sulphate,  and  all  the  oxides 
of  manganese,  can,  according  to  Rose,  be  thus  converted  into  a 
sulphide  of  invariable  composition. 

Separation  of  Oxide  of  Manganese  from  the  Oxides  of  the 
Fourth,  Third  and  Second  Ghroups. 

(a.)  From  Oxid^is  of  Cobalt  and  iV«c/ttfZ.— Eose's  original 
method,  which,  though  complicated,  gives  very  accurate  results, 
is  the  following : — The  metals  are  first  precipitated  together  as 
oxides  by  caustic  potassa,  they  are  then  ignited,  weighed,  and 
converted  into  chlorides  by  introducing  them  into  a  bulbed 
tube,  and  transmitting  over  them  a  current  of  dry  hydrochloric 
acid  gas,  a  moderate  heat  being  at  the  same  time  applied ;  it 
requires  a  long  time  thus  to  convert  the  oxides  completely  into 
chlorides  ;  when  the  conversion  is  complete,  dry  hydrogenous  is 
passed  through  the  apparatus,  the  bulb  containing  the  chlorides 
being  strongly  heated,  the  hydrogen  displaces  the  chlorine  from 
the  chlorides  of  cobalt  and  nickel,  forming  with  it  hydrochlo- 
ric acid  gas ;  and  the  operation  must  be  continued  as  long  as 
white  clouds  are  formed,  on  holding  a  glass  rod  that  has  been 
dipped  in  ammonia  at  the  end  of  the  apparatus  where  the  ex- 
cess of  gas  escapes.  The  hydrogen  is  allowed  to  pass  through 
the  tube  till  it  is  quite  cold,  the  chloride  of  manganese,  which 
has  not  been  decomposed  by  the  process,  is  dissolved  out  bv 
water,  the  reduced  cobalt  and  nickel  are  washed  with  very  di- 
lute hydrochloric  acid,  and,  finally,  with  water ;  the  two  metals 
are  then  separated  from  each  other  by  one  of  the  methods  above 
given,  and  the  manganese  is  precipitated  from  the  solution  of 
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the  chloride,  to  which  have  been  added  the  washings  from  the 
cobalt  and  nickel  by  carbonate  of  soda. 

Bose  states  that  nickel  may  be  conveniently  separated  from 
manganese  in  the  same  manner  as  cobalt,  namely,  by  chlorine 
and  carbonate  of  baryta.  A  method  of  separating  oxide  of 
cobalt  from  oxide  of  manganese  was  proposed  by  Barreswil ;  it 
consists  in  adding  carbonate  of  baryta  to  the  solution,  and  then 
passing  a  current  of  sulphuretted  hydrogen  through  it,  by  which, 
according  to  Barreswil,  cobalt  only  is  precipitated:  this  method 
has  not,  however,  been  found  successful  by  other  chemists.  A 
plan  for  the  separation  of  oxides  of  cobalt  and  nickel  from  oxide 
of  manganese  was  proposed  by  Wakenroder,  and  has  obtained 
the  approval  of  Bose ;  it  is  based  on  the  fact  that,  although 
nickel  and  cobalt  are  not  precipitated  from  their  acid  solutions 
by  sulphuretted  hydrogen,  their  sulphides  precipitated  by  sul- 
phide of  ammonium  are  not  dissolved  by  very  dilute  hydro- 
chloric acid.  The  acid  solution  of  the  three  oxides  is  made  am- 
moniacal,  and  the  metals  are  precipitated  by  sulphide  of  am- 
monium, the  solution  is  then  rendered  slightly  acid  by  dilute 
hydrochloric  acid;  the  sulphide  of  manganese  is  dissolved 
with  facility,  small  portions  also  of  the  sulphides  of  cobalt  and 
nickel  may  also  be  dissolved,  but  they  may  be  removed  by  pre- 
cipitating the  solution  with  ammonia  and  sulphide  of  ammo- 
nium, and  treating  it  anew  with  dilute  hydrochloric  acid. 

From  Cobalt  (Liebig's  method). — The  metals  are  precipitated 
by  cyanide  of  potassium,  an  excess  of  which  redissolves  the 
cyanide  of  cobalt,  and  a  part  also  of  the  protocyanide  of  man- 
ganese, while  another  portion  remains  undissolved ;  this  is  fil- 
tered off  and  washed ;  the  filtrate  is  heated  to  ebullition,  a  few 
drops  of  hydrochloric  acid,  insufficient,  however,  to  acidify  the 
solution,  are  added  from  time  to  time,  and  the  manganese  and 
cobalt  are  separated  from  one  another  in  the  same  manner  as 
nickel  is  separated  from  cobalt. 

Ebelmen  has  recently  proposed  to  separate  manganese  from 
cobalt  or  nickel,  by  exposing  the  mixture  of  the  oxides  in  a 
platinum  or  porcelain  tray  to  a  current  of  dry  sulphuretted 
hydrogen,  at  a  temperature  a  little  below  redness.  The  oxides 
are  converted  into  sulphides,  the  sulphide  of  manganese  is  dis- 
solved by  very  weak  hydrochloric  acid,  in  the  cold,  and  after 
filtration  is  precipitated  at  a  boiling  heat  by  potaasa,  and  the 
sulphide  of  cobalt  remaining  on  the  filter  is  redissolved  in  nitric 
acid,  and  precipitated  by  caustic  potassa.  The  smallest  quantity 
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of  cobalt  may,  he  says,  be  detected  in  tbis  manner.   He  applies 
the  same  process  to  the  separation  of  arsenic  from  tin. 

From  Iron  and  Nickel  (Schiel). — A  stream  of  chlorine  is  passed 
through  the  solution  to  which  acetate  of  soda  lias  been  added, 
peroxide  of  manganese  is  precipitated,  the  nickel  and  iron  re- 
maining in  solution.  If  cobalt  be  present,  it  is  separated  as 
oxide. 

(b.)  From  Oxide  of  Zinc. — The  oxides  are  dissolved  in  excess 
of  acetic  acid,  and  the  zinc  is  precipitated  by  sulphuretted  hy- 
drogen ;  the  solution  must  be  acid,  and  contain  no  other  acid 
but  acetic. 

Another  method  (Flajolot). — The  excess  of  acid  in  the  so- 
lution is  neutralized  by  carbonate  of  soda ;  an  excess  of  cyanide 
of  potassium  is  then  added,  and  afterwards  carbonate  of  soda. 
At  the  temperature  of  ebullition,  carbonate  of  manganese  is 
precipitated  alone. 

(c.)  From  Oxide  of  Chromium, — This  is  effected  in  the  same 
manner  as  the  separation  of  oxide  of  zinc  from  oxide  of  chro- 
mium. 

(d.)  From  Alumina  (Bo^e) . — Add  chloride  of  ammonium,  heat 
to  ebullition  ;  pour  in  caustic  ammonia  and  boil  until  the  excess 
of  the  latter  is  disengaged ;  the  alumina  will  then  be  com- 
pletely precipitated  and  perfectly  free  from  manganese,  even 
when  operating  with  free  access  of  air. 

(e.)  From  Magnesia  and  Lime. — Add  a  solution  of  acetate  of 
soda,  heat,  and  pass  a  current  of  chlorine  through  the  liquid, 
when  permanganate  will  be  formed.  Supersaturate  with  am- 
monia and  boil,  upon  which  all  the  manganese  is  reduced  to 
sesquioxide  and  precipitated,  the  magnesia  and  lime  remaining 
in  solution.  If  the  quantity  of  magnesia  be  large,  a  certain 
quantity  of  chloride  of  ammonium  must  first  be  added. 

Determination  of  the  value  of  Commercial  Binoxide  of  Man- 
ganese : — 

(1.)  By  estimating  the  amount  of  chlorine  evolved  during  the 
solution  of  the  ore  in  hydrochloric  acid  ;  the  value  of  the  oxide 
being  in  exact  proportion  to  the  quantity  of  chlorine  produced. 

Three  methods  of  estimating  the  chlorine  have  been  employed. 

(a.)  By  noting  the  quantity  of  Protosulphate  of  Iron  which  it 
peroxidizes, — If  the  oxide  of  manganese  be  perfectly  pure,  4*36 
parts  (one  equivalent)  will  produce  35*5  parts  (one  equivalent) 
of  chlorine,  which  will  peroxidize  278  parts  (two  equivalents) 
of  crystall'zed  protosulphate  of  iron. 
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Hence  25  grains  of  pure  oxide  of  manganese  yield  chlorine 
sufficient  to  perozidize  159  grains  of  protosulphate  of  iron  ; 
25  grains  of  the  powdered  specimen  are  weighed  out,  and  a 
quantity  not  less  than  359  grains  of  crystallized  protosulphate 
of  iron.  The  oxide  of  manganese  is  thrown  into  a  flask  con- 
taining about  one  ounce  of  strong  hydrochloric  acid  slightly 
diluted,  and  a  gentle  heat  applied.  The  protosulphate  of  iron 
is  gradually  added  in  small  quantities  to  the  acid,  so  as  to  ab- 
sorb the  chlorine  as  it  is  evolved,  and  the  addition  of  that  salt 
continued  till  the  liquor,  after  being  heated,  gives  a  blue  pre- 
cipitate with  ferridcyanide  of  potassium^  and  haa  no  smell  of 
chlorine,  which  are  indications  that  the  protosulphate  of  iron 
is  present  in  excess ;  by  weighing  what  remains  of  this  salt, 
the  quantity  that  has  been  added  is  ascertained,  say  m  grains. 
It'  the  whole  of  the  specimen  consisted  of  peroxide,  it  would 
require  159  grains  of  protosulphate  of  iron,  and  that  quantity 
would  therefore  indicate  100  per  cent,  of  peroxide  ;  but,  if  apor- 
tion  of  the  manganese  only  is  peroxide,  a  proportionally  smaller 
quantity  of  the  protosulphate  will  be  consumed,  and  that  quan- 
tity will  give  the  real  proportion  of  peroxide,  by  the  proportion, 
as  159  :  25  : :  m  to  the  quantity  required. 

(b.)  The  chlorine  evolved  is  passed  through  water  in  which 
lime  is  diffused ;  chhride  of  lime  is  formed;  a  certain  quantity 
of  protosulphate  of  iron  is  dissolved  in  water,  and  the  solution 
of  chloride  of  lime  is  added  thereto,  until  the  iron  liquor  ceases 
to  strike  a  blue  colour  with  a  drop  of  solution  of  red  prussiate 
of  potassa :  then,  comparing  the  quantity  of  the  solution  of 
chloride  of  lime  required,  with  the  quantity  that  was  produced, 
the  quantity  of  chlorine  generated,  and  hence  the  total  quan- 
tity of  available  oxygen,  is  known. 

(c.)  Baumann  conveys  the  chlorine  into  a  solution  of  nitrate 
of  silver,  and  calculates  the  amount  of  real  peroxide  of  man- 
ganese in  the  specimen  from  the  quantity  of  chloride  of  silver 
formed. 

(2.)  By  converting  Oxalic  Acid  into  Carbonic  Acid,  by  means  of 
the  second  atom  of  Oxygen  uohich  the  Peroxide  of  Manganese  con^ 
tains, — Mn Og  -h  C3O3,  producing  Mn O,  and  2 COg.  100  grains 
of  the  specimen  are  introduced  into  a  weighed  flask,  and  150 
grains  of  oxalic  acid  dissolved  in  500  grains  of  water  are  poured 
upon  it ;  to  this,  350  grains  of  oil  of  vitriol  are  to  be  added, 
and  the  orifice  of  the  flask  closed  by  a  cork,  through  which  passes 
a  tube  containing  fragments  of  recently  fused  chloride  of  cal- 
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ciutn  ;  the  weight  of  this  cork  and  tube  are  to  be  included  in  the 
tare  of  the  flask.  On  the  addition  of  the  oil  of  vitriol,  a  brisk 
effervescence  takes  place,  owing  to  the  escape  of  carbonic  acid, 
which  passing  over  the  fragments  of  chloride  of  calcium  in  the 
tube  is  dried,  so  that  the  gas  alone  passes  off.  When  the  action 
slackens,  a  gentle  heat  may  be  applied,  until  all  the  oxide  of 
manganese  has  dissolved ;  the  small  quantity  of  a  light  brownish 
sediment,  which  generally  falls,  is  easily  distinguished  from  the 
particles  of  black  oxide.  As  soon  as  the  action  is  quite  over, 
the  flask  is  allowed  to  cool,  and  as  it  still  contains  a  quantity 
of  carbonic  acid  gas,  this  is  removed  by  taking  out  the  cork, 
and  blowing  air  gently  into  the  flask  by  a  glass  tube;  the  cork 
is  then  to  be  replaced,  and  the  flask  with  its  contents  weighed ; 
the  difference  of  weight  represents  the  amount  of  carbonic  acid 
evolved,  one-fourth  of  the  oxygen  of  which  had  been  derived 
from  the  peroxide  of  manganese  by  its  conversion  into  pro- 
toxide, which  remains  combined  with  sulphuric  acid  in  the 
liquor,  and  the  quantity  of  peroxide  in  the  100  grains  of  the 
one  are  thus  directly  found.  Example, — Suppose  the  flask  and 
the  materials  together  to  weigh  1876  grains,  and  after  the  ac- 
tion has  terminated  1 816 '5  grains :  the  loss,  59*5  grains,  is  car- 
bonic acid,  consisting  of  16*3  grains  of  carbon,  and  43*2  grains 
of  oxygen ;  the  oxygen  derived  from  the  mineral  is  therefore 

43*2 

-1—=  10*8,  which  represents  59  grains  of  pure  peroxide  of 

manganese  in  100  grains  of  the  substance  experimented  upon. 
(3.)  Method  of  Freseniue  and  Will. — This  is  founded  on  the 
same  principle.  A  certain  weighed  quantity  of  the  finely  pow- 
dered manganese  ore  is  projected  into  b  (see  Fig.  69, p.  268),  and 
about  2^  parts  oi  neutral  oxalate  ofpotasM,  prepared  by  saturat* 
ing  the  common  binoxal  ate  with  carbonate  of  potassa  and  crystal- 
lizing, or  two  parts  of  neutral  oxalate  of  soda,  and  as  much  water 
added  as  will  fill  about  one-third  of  the  flask ;  the  apparatus  is 
then  prepared  as  directed  in  p.  269,  b  is  then  closed,  the  appara- 
tus weighed,  and,  by  sucking  the  tube  e,  some  sulphuric  acid  is 
made  to  pass  from  a  into  5.  The  evolution  of  carbonic  acid  com- 
mences immediately,  and  in  a  very  uniform  manner :  as  soon  as 
ic  stops,  some  more  sulphuric  acid  is  sucked  over  from  a  into  h, 
and  the  operation  thus  continued  till  all  the  manganese  is  com- 
pletely decomposed:  this  operation  will  require  from  six  to  ten 
minutes:  its  completion  is  ascertained  not  only  by  no  further 
evolutions  of  carbonic  acid  taking  place  upon  a  farther  influx 
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of  sulphuric  acid  into  h,  but  also  by  no  black  powder  remaining 
at  the  bottom  of  the  flask.  Some  more  sulphuric  acid  is  then 
sucked  over  into  5,  in  order  to  heat  the  fluid  contained  therein, 
so  as  completely  to  expel  all  the  carbonic  acid  evolved  during 
the  course  of  the  operation  ;  the  wax  stopper  is  then  removed 
from  a,  and  the  tuoe  d  sucked  until  the  air  no  longer  tastes 
of  carbonic  acid ;  the  apparatus  is  then  allowed  to  cool,  and 
weighed.  The  entire  examination  may  thus,  according  to  the 
authorS)  be  performed  in  a  quarter  of  an  hour ;  from  the  loss  of 
weight  of  the  apparatus  (the  amount  of  carbouic  acid  expelled) 
the  amount  of  available  oxygen  is  found,  or,  what  in  fact  is 
the  same,  the  amount  of  peroxide  contained  in  the  manganese 
under  examination,  according  to  the  following  arrangement. 
Tiffo  equivalents  of  carbonic  acid  stand  to  one  equivalent  of 
peroxide  of  manganese  in  the  same  proportion  as  the  amount 
of  carbonic  acid  found  stands  to  ^,  a;  being  the  quantity  of  real 
peroxide  contained  in  the  specimen.  Let  us  suppose  that  our 
experiment  had  been  made  with  four  grammes  (61 '76  grs.)  of 
manganese  ore,  and  that  we  had  obtained  8*5  grammes  (54!*03 
grs.)  of  carbonic  acid.    The  arrangement  would  be — 

4 :  43*67  :  :  35  :  a? 
X  =  8-47. 
Thus,  four  grammes  of  the  manganese  ore  containing  8*47 
grammes  of  peroxide,  100  parts  of  the  same  substance  must 
contain  86*7  parts.  To  render,  however,  this  calculation  un- 
necessary, we  need  only  ascertain  what  amount  of  manganese 
must  be  taken  to  make  the  number  of  centigrammes  of  carbouic 
acid  obtained  immediately  indicate  the  percentage  amount  of 
peroxide.     The  calculation  must  therefore  be — 

4  :  43*67  :  :  100  :  a? 
X  =  0-993. 
Thus,  if  we  take  0*993  grammes  (15'33  grains)  of  the  speci- 
men, the  number  of  centigrammes  of  carbonic  acid  expelled 
will  indicate  the  percentage  amount  of  peroxide.  But  as  the 
quantity  of  carbonic  acid  obtained  would  be  too  minute  to  ad- 
mit of  a  direct  determination  of  its  weight,  it  is  advisable  to 
take  a  multiple  of  0*993  grammes,  and  to  divide  the  number  of 
centigrammes  of  carbonic  acid  obtained  by  the  same  number, 
which  has  served  as  a  multiplier.  The  multiple  by  3,  i.  e.  2*98 
grammes,  is  deemed  by  the  authors  the  quantity  best  adapted 
for  the  examination.  Should  the  manganese  contain  carbonated 
alkaline  earths,  which  is  sometimes  the  case,  it  must  undergo  a 
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preliminary  process  previous  to  the  examination.  To  ascertain 
the  presence  or  absence  of  carbonate  of  lime  or  baryta  in  the 
manganese  under  examination,  it  is  sufficient  to  moisten  a  sam- 
ple powder  with  dilute  nitric  acid ;  their  presence  is  certain  if 
any  effervescence  take  place.  The  specimen,  iu  that  case,  is 
treated  as  follow^s : — 2*98  grammes  of  the  specimen  are  projected 
into  A,  covered  with  very  dilute  nitric  acid,  one  part  acid  to 
twenty  parts  of  water,  and  allowed  to  stand  at  rest  for  a  few 
minutes ;  the  supernatant  fluid  is  then  poured  upon  a  small 
paper  filter,  the  manganese  remaining  in  the  fia^k  is  repeatedly 
washed  with  water,  as  well  as  the  solid  particles  on  the  tilter, 
(the  supernatant  water  being  always  poured  on  the  filter),  and 
the  latter  then  thrown  into  b,  taking  care  not  to  lose  a  particle 
of  manganese ;  the  further  operation  is  conducted  as  usual. 
The  neutral  oxalate  of  potassa  is  preferable  to  free  oxalic  aciii, 
or  to  binoxalate  of  potassa,  since,  when  employing  the  former 
substance,  the  evolution  of  carbonic  acid  commences  only  upon 
the  influx  of  sulphuric  acid  into  5,  whilst  free  oxalic  acid,  or  j 

binoxalate  of  potassa,  begin  to  evolve  carbonic  acid  immediately  1 

upon  coming  into  contact  with  manganese  and  water ;  and  this  ^ 

would,  of  course,  interfere  with  the  correctness  of  the  results, 
rendering  it  almost  impossible  to  determine  the  exact  weight  of 
the  apparatus  before  the  commencement  of  the  operation.  Such 
is  the  method  of  examining  ores  of  manganese  proposed  by  the 
G-erman  chemists :  the  results  are  most  accurate,  and  the  mani- 
pulation is  so  simple,  that  it  will  no  doubt  entirely  supersede 
all  the  other  methods  that  havo  been  described.  It  will  be  ob- 
served that,  from  the  almost  absolute  identity  of  the  equiva- 
lent number  of  carbonic  acid  multiplied  by  2,  22  x  2  =  4-1;, 
with  that  of  peroxide  of  manganese,  43*67,  the  calculation  of 
the  quantity  of  real  peroxide  in  a  specimen  of  manganese  be- 
comes a  problem  of  the  utmost  simplicity ;  and  that,  if  wc  take 
100  grains  of  the  specimen,  the  loss  of  weight  in  grains  will 
denote  the  percentage  proportion  of  pure  peroxide.  One  atom 
of  peroxide  of  manganese,  MnOg  =  43*67,  contains  one  atom  of 
oxygen,  separable  by  sulphuric  acid,  and  capable  of  convertmg 
one  atom  of  oxalic  acid  into  two  atoms  of  carbonic  acid. 
Thus  :— 

Oxalic  Acid,  Co O3  +  0  =  2  CO, 

Ditto       .     .     36-1-8=44 
Dr.  Ure  recommends  250  grains  of  oxalate  of  potassa  to  100 
grains  of  the  sample. 
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Various  other  methods  of  ascertaining  the  value  of  commer- 
cial oxide  of  manganese  have  been  proposed ;  but  as  none  of 
them  exceed  in  accuracy  or  convenience  the  method  of  Will  and 
Fresenius  just  described,  the  principles  of  the  processes  alone 
will  be  briefly  described. 

(4.)  Method  founded  on  the  reducing  action  of  FrotoeJiloride 
of  Tin  (L.  Miiller,  Ann.  der  Chem.  und  Pharm.,  Oct.  1851,  and 
Chem.  Gaz.,  vol.  x.  p.  75). 

Frotochloride  of  tin  and  perchloride  of  iron  react  mutually 
on  each  other,  thus — 

Sn  01  +  Feg  CI3 = Sn  CI3  4- 2  Fe  CI 

In  order  to  derive  advantage  from  this  reaction,  two  courses 
might  be  followed:  first,  a  solution  of  protochloride  of  iron 
might  be  converted  into  perchloride  by  the  action  of  the 
chlorine  developed  from  hydrochloric  acid  by  the  oxide  of 
manganese  to  be  valued,  and  then  the  quantity  of  perchloride 
of  iron  thus  formed  in  this  solution,  determined  by  means  of  a 
solution  containing  a  known  proportion  of  protochloride  of 
tin ;  or  secondly,  the  chlorine  evolved  may  be  passed  through 
a  solution  of  protochloride  of  tin,  and  the  perchloride  pro- 
duced estimated  by  means  of  a  solution  of  perchloride  of  iron 
of  known  strength.  The  author  finds  the  second  method  to  be 
perfectly  applicable  in  practice,  as  the  chlorine  is  rapidly  and 
completely  absorbed  by  a  solution  of  protochloride  of  tin. 

(6.)  Method  founded  on  the  conversion  ofArsenious  Acid  into 
Arsenic  Acid  hy  means  of  Chlorine  and  Permanganate  of  Potash 
{Astley  Price,  Chem.  Q-az.,  vol.  ii.  p.  416). 

Ten  or  any  number  of  grains  of  the  specimen  under  ex- 
amination are  placed  in  a  small  flask,  to  which  ten  or  more 
measures  of  a  normal  solution  of  arsenious  acid  in  hydrochloric 
acid  are  added,  and  to  the  flask  is  adapted  a  Will's  nitrogen 
apparatus,  containing  a  solution  of  potassa,  to  retain  any 
terchloride  of  arsenic  which  may  be  given  off.  The  flask  is 
then  placed  in  a  water-bath,  or  a  gentle  heat  is  applied  until 
solution  is  effected.  The  contents  of  the  flask,  after  being 
allowed  to  cool,  are,  together  with  the  solution  of  potassa, 
transferred  to  a  larger  flask  and  diluted  with  water.  The 
amount  of  arsenious  acid  remaining  unchanged,  is  then  deter- 
mined by  the  addition  of  a  standard  solution  of  permanganate 
of  potassa,  and  the  quantity  thus  indicated  being  deducted  from 
the  number  of  grains  of  arsenious  acid  employed  in  the  first 
instance,  will  give  the  value  of  the  specimen  under  analysis. 

PABT  ji,  2  A 
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(6.)  Method  founded  on  the  eonversion  of  Chpper  into  Diehlo^ 
ride  hy  the  Chlorine  evolved  from  Hydrochloric  Acid  by  Oaeide 
of  Manganese  (Nolte,  Chem.  Q-az.,  vol.  xvii.  p.  296). 

Every  atom  of  peroxide  in  the  ore  sets  tree  one  atom  of 
chlorine  from  hydrochloric  acid,  which  in  its  turn  converts  two 
atoms  of  copper  into  dichloride.  Strong  chemically  pure  hy- 
drochloric acid  is  poured  over  a  known  quantity  of  the  native 
peroxide  in  a  retort,  and  an  excess  of  copper  is  added,  the  evo- 
lution of  free  chlorine  being  avoided  by  keeping  the  retort  as 
cool  as  possible  until  the  ore  is  completely  decomposed.  The 
mixture  is  then  heated  to  the  boiling-point,  so  as  to  convert 
the  protochloride  at  first  formed  into  dichloride.  The  loss  of 
copper  in  weight,  gives  the  amount  of  peroxide  in  the  ore, 
since  every  two  atoms  of  copper  dissolved  answer  to  one  of 
peroxide. 


GROUP  v.— Section  A. 

Lead,  Thallium,  Silver,  Mercury,  Bismuth,  Cadmitmi, 
Copper,  Palladium,  Bhodium,  Osmium,  Bnthenium, 

Iridium. 

172.  Lead. 

This  metal  is  completely  precipitated  from  its  acid  solutions 
by  sulphuretted  hydrogen  ;  it  is  also  precipitated  by  sulphuric 
acid,  by  carbonate  of  ammonia^  by  oxalate  of  ammonia,  by  hydro- 
chloric acid,  and  by  bichromate  of  potassa  ;  and  it  may  therefore 
be  weighed  as  sulphide,  sulphate,  chloride,  chromate,  and  as 
oande,  the  latter  being  produced  by  igniting  with  free  access  of 
air,  the  carbonate  and  oxalate.  Lead  jis  likewise  estimated  by 
volumetric  processes. 

Precipitation  as  Sulphide,— -A  stream  of  washed  sulphuretted 
hydrogen  gas  is  transmitted  through  the  solution,  rendered 
slightly  acid  with  nitric  acid  until  it  is  completely  saturated,  a 
gentle  heat  is  then  applied,  and  the  precipitated  sulphide  is 
filtered  as  quickly,  and  with  as  little  access  of  air,  as  possible, 
in  order  to  avoid  the  decomposition  of  a  portion  of  the  sulphu- 
retted hydrogen,  which  would  occasion  a  precipitation  of  sul- 
phur ;  as  it  is  difficult,  even  with  great  care,  to  prevent  this,  it 
is  better  to  convert  the  washed  sulphide  of  lead  into  sulphate, 
which  is  done  by  transferring  it,  filter  and  all,  into  a  beaker, 
and  pouring  on  it  concentrated  and  fuming  nitric  acid,  the 
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sulphur  becomes  hereby  oxidized  into  sulphuric  acid ;  a  gentle 
heat  is  applied  to  assist  the  action;  the  mixture  is  carefully 
transferred  into  a  small  Berlin  crucible,  and  a  few  drops  of 
sulphuric  acid  being  added,  it  is  evaporated  to  dryness  and 
ignited.     The  composition  of  sulphate  of  lead  is — 

One  equivalent  of  PbO     .     .     111-5     .     .     7360 
One  ditto  of  SOg    ....      400     .     .     2640 

One  ditto  of  PbO, SOj     .     .     151-5     .     .10000 

With  respect  to  the  precipitation  of  lead  by  sulphuretted 
hydrogen,  the  following  observations  have  been  made  by  Dr. 
Vogel.  In  precipitating  lead  with  sulphuretted  hydrogen  it 
is  usual  to  warm  the  liquid,  to  prevent  any  of  the  precipitate 
from  passing  through  the  filter,  but  this  may  give  rise  to  con- 
siderable loss.  K  sulphuretted  hydrogen  be  passed  through  a 
moderately  strong  solution  of  acetate  of  lead,  until  the  filtered 
liquor  contains  no  more  metal,  and  is  consequently  not  rendered 
turbid  either  by  sulphuretted  hydrogen  or  by  sulphuric  acid, 
and  if  the  liquor  be  now  warmed,  a  ^rther  precipitate  is  pro- 
duced by  sulphuretted  hydrogen  after  filtratit)n ;  the  liberated 
acetic  acid  evidently  decomposes  the  sulphide  of  lead.  The 
same  is  the  case  with  nitrate  of  lead,  and  remarkably  so  with 
the  chloride.  Tliis  is  of  considerable  importance  where  lead 
has  to  be  separated  from  chlorides,  and  where  it  cannot  be  pre- 
cipitated by  sulphuric  acid.  With  mercury  and  bismuth  no 
such  decomposition  of  the  sulphide  occurs,  and  only  in  a  slight 
degree  with  antimony.  The  above  behaviour  may  even  be  em- 
ployed for  the  separation  of  some  metals.  If,  for  example, 
sulphuretted  hydrogen  be  passed  into  a  liquid  containing 
nitrate  of  bismuth  and  nitrate  of  lead,  until  no  further  precipi- 
tate occurs,  and  the  whole  be  then  heated  to  boiling,  the  sul- 
Ehide  of  lead  is  entirely  redissolved,  while  the  sulphide  of 
ismuth  is  not  attacked.  The  lead  may  then  be  precipitated 
from  the  solution  by  sulphuric  acid.  According  to  Eose,  lead 
may  be  quantitatively  estimated  as  sulphide  by  heating  the 
washed  precipitate  by  sulphuretted  hydrogen  in  coutact  with 
sulphur  in  a  crucible  through  which  a  current  of  sulphuretted 
hydrogen  is  made  to  pass.  The  heat  should  be  a  full  red,  and 
the  sulphide  (PbS)  should  be  perfectly  crystalline. 

Volumetric  estimation  of  Lead  by  Sulphide  of  Sodium. — A 
method  of  estimating  lead  by  means  of  a  normal  solution  of 
sulphide  of  sodium  was  proposed  by  Domont6,  and  is  de- 

2  a2 


344  QUANTITATIVE   ANALYSIS. 

Bcribed  \>j  liim  as  simple,  quick,  and  accurate,  and  well  adapted 
for  the  examination  of  ivhite  lead  and  acetate  of  had,  sub- 
stances which,  as  met  with  in  commerce,  are  often  greatly- 
adulterated.  To  prepare  the  normal  solution  of  sulphide  of 
sodium,  about  300  grains  are  dissolved  in  a  pound  of  water,  a 
certain  known  quantity  of  lead  is  dissolved  in  nitric  acid,  pre- 
cipitated, and  redissolved  by  caustic  potassa ;  the  solution  of 
sulphide  of  sodium  placed  in  a  graduated  burette,  is  added  care- 
fully to  the  alkaline  solution,  which  is  maintained  at  a  tempe- 
rature near  to  ebullition.  Each  addition  of  the  sulphide  pro- 
duces a  black  precipitate  of  sulphide  of  lead;  from  time  to 
time  the  liquid  is  boiled,  and  the  precise  point  at  which  a  drop 
of  the  reagent  produces  no  further  precipitate  is  carefully  ob- 
served. The  number  of  divisions  of  the  burette  which  have 
been  required  represents  the  value  of  the  lead  employed  in 
the  experiment :  thus,  suppose  10  grains  of  lead  to  have  been 
used,  and  30  burette  divisions  of  the  alkaline  sulphide  have 
been  required,  then,  in  all  analyses  of  commercial  products, 
for  every  30  divisions  of  the  burette  that  are  required  the  ope- 
rator  may  infer  that  10  grains  of  lead  are  present. 

The  author  does  not  find  the  success  of  the  experiment  to 
be  interfered  with  by  the  presence  of  tin,  antimony,  arstmicy 
iron,  cobalt,  nickel,  or  zinc.  The  first  three  metals  are  not 
precipitated  by  an  alkaline  sulphide ;  in  the  presence  of  excess 
of  free  alkali,  zinc  is  precipitated  after  the  lead,  but  the  co- 
lour of  the  sulphide  being  white,  renders  its  presence  rather 
an  advantage  than  otherwise ;  copper  complicates  the  process. 
It  is  necessary  in  the  first  place  to  determine  this  metal  by 
oae  of  the  methods  to  be  described  hereafter.  Domont^  then 
makes  a  synthetic  essay  on  a  mixture  formed  of  a  weight  of 
copper  equal  to  that  found  by  experiment,  and  of  lead  equal 
in  weight  to  that  employed  in  preparing  the  standard  solu- 
tion. This  assay  shows  by  how  many  divisions  the  plumbi- 
metric  liquor  ought  to  be  diminished,  on  examining  the  alloy. 
The  number  is,  in  fact,  the  difference  between  the  results  of 
the  assay  of  pure  lead,  and  those  of  the  assay  of  the  mixture 
of  lead  and  copper.  This  being  done,  he  examines  the  alloy 
in  the  ordinary  way.  Bismuth  cannot  be  separated  from  lead 
in  this  way,  but,  commercially  speaking,  it  is  not  likely  that 
this  metal  will  be  found  to  occur  as  a  contamination,  its  higher 
price  being  a  guarantee. 

Volumetric  estimation  of  Lead  by  Bichromate  of  Potaasa 
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{Schwarz;  Dingier' a  '  Poly technisch  *Joumar). — A  standard 
solution  of  bichromate  is  formed  by  dissolving  14*730  grammes 
of  the  pure  salt  in  sufficient  water  to  form  one  litre.  One 
cubic  centimetre  of  this  solution  precipitates  0*0207  ^amme 
of  lead.  The  lead  to  be  analysed  is  dissolved  in  the  minimum 
of  nitric  acid,  the  solution  diluted  with  water,  carefully  neu- 
tralized with  carbonate  of  soda  or  with  ammonia,  an  excess  of 
acetate  of  soda  added,  and  the  solution  precipitated  by  the 
bichromate  of  potassa  solution.  When  the  precipitation  ap- 
proaches its  end,  or  when  the  precipitate  commences  readily 
to  subside,  some  drops  of  a  neutral  solution  o^  nitrate  of  silver 
are  deposited  on  a  porcelain  plate,  and  the  chromate  solution 
only,  added  by  two  or  three  drops  at  a  time,  to  the  liquid 
under  examination;  after  each  addition,  the  whole  is  well 
stirred,  allowed  to  subside,  and  a  drop  of  the  clear  supernatant 
liquor  added  to  one  of  the  drops  of  the  silver  solution.  As 
soon  as  the  bichromate  is  in  excess,  a  red  colour  is  produced, 
while  the  precipitated  chromate  of  lead  has  no  eifect  on  the 
silyer  test,  but  simply  floats  on  the  top  as  a  yellow  precipi- 
tate. It  is  only  now  necessary  to  read  off  the  number  of 
divisions  of  the  burette  that  have  been  required,  to  learn  the 
amount  of  lead  in  the  solution.  The  operator  must  be  careful 
to  add  abundance  of  acetate  of  soda.  The  only  foreign  metal 
which,  according  to  the  author,  interferes  with  the  reaction,  is 
tismuthy  in  the  presence  of  which  it  is  inapplicable. 

Quantitative  estimation  as  Sulphate. — When  lead  is  to  be 
weighed  in  the  form  of  this  salt,  the  solution  is  precipitated 
by  dilute  sulphuric  acid,  and  then  mixed  with  twice  its  volume 
of  alcohol,  sulphate  of  lead  not  being  altogether  insoluble  in 
water ;  it  is  collected  on  a  filter,  on  which  it  is  washed  with 
spirits  of  wine.  Its  composition  has  been  given  above.  Accord- 
ing to  Yogel,  sulphate  of  lead  precipitated  from  solutions  con- 
taining nitric  acid,  is  never  free  from  that  acid,  and  when  lead 
is  thrown  down  by  sulphuretted  hydrogen  from  compounds  con- 
taining zinc,  the  sulphide  of  lead  always  contains  sulphide  of 
sine. 

Quantitative  estimation  as  Oxide : — 

(a.)  Precipitation  as  Carbonate. — Carbonate  of  ammonia, 
mixed  with  a  little  caustic  ammonia,  is  the  precipitant  em- 
ployed, and  the  solution  is  heated ;  it  is  washed  on  the  filter 
with  pure  water,  and  afterwards  ignited  in  a  porcelain  cruci- 
ble,  by  which  it  is  converted  into  protoxide  of  lead.    The  pre- 


346  QUANTITATIYE   ANiiLYSIS. 

cipitate  is  removed  as  completely  as  possible  from  the  filter 
and  the  latter  is  ignited  alone,  the  residue  being  afterwards 
mixed  with  the  ignited  precipitate ;  the  object  of  this  is  to  pre* 
vent  the  reduction  of  a  portion  of  the  protoxide  of  lead  by  the 
organic  matter  of  the  filter.  The  same  observation  applies  to 
the  sulphate. 

(b.)  JPreeipitaium  as  Oxalate. — Bose  prefers  oatdate  of  am" 
monia  as  the  precipitant  of  oxide  of  lead  from  its  solutions, 
which  must  be  either  neutral  or  weakly  ammoniacal.  The  pre- 
cipitated oxalate  of  lead  is  converted  into  protoxide  by  ignition 
in  an  open  porcelain  crucible,  having,  as  in  the  two  former 
cases,  been  removed  as  much  as  possible  from  the  filter,  the 
latter  being  ignited  alone. 

The  composition  of  protoxide  of  lead  is — 

One  equivalent  of  Pb   .     .     .  103-50  .     .    92-83 
One      ditto      of  0     .     .     .      800  .     .      7-17 

One      ditto      of  PbO     .     .  111-60  .     .  100-00 

Qttantiiative  estimation  as  Cfhl-aride. — The  solution  is  preci- 
pitated by  excess  of  hydrochloric  acid,  concentrated  by  eva- 
poration on  the  water-bath,  aud  the  residue  washed  with  abso- 
lute alcohol,  mixed  with  ether.  As  chloride  of  lead  is  vola- 
tilizable,  it  must  not  be  ignited,  but  dried  at  a  temperature 
below  redness.    Its  composition  is — 

One  equivalent  of  Pb  •     .     .  103-60  .     .     74-46 
One      ditto      of  CI   .     .     .     35-50  .     .     2554 

One      ditto      of PbCl  .     .  13900  .     .  10000 

Estimation  of  Lead  in  small  quantities  in  the  presence  of 
other  metals,  by  precipitation  as  Chromate, — There  are  fre- 
quent instances  in  which  the  chromate  of  pptassa  offers  con- 
siderable advantages  as  a  precipitant  of  lead,  and  the  effi- 
cacy of  this  reagent  is  increased  by  the  great  insolubility  of 
chromate  of  lead,  particularly  in  acetic  acid,  it  may  therefore 
be  employed  to  precipitate  this  metal  in  the  presence  of  copper 
and  zinc.  The  chromate  of  lead  precipitated  should  be  dis- 
solved in  a  little  hot  dilute  hydrochloric  acid ;  a  small  crystal 
of  tartaric  acid  added,  and  the  solution,  rendered  alkaline  by 
ammonia,  should  be  treated  with  hydrosulphuric  acid,  or  mixed 
with  sulphide  of  ammonium.  The  sulphide  of  lead  thus  obtained 
is  washed,  and  converted  into  sulphate  by  the  usual  method. 
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Analysis  of  Oaltna. — ^Treat  the  pulverized  mineral  with* 
concentrated  nitric  acid ;  evaporate  to  dryness  with  a  small  ex- 
cess of  sulphuric  acid ;  treat  the  dry  mass  with  water,  which 
dissolves  out  all  the  sulphates  but  that  of  lead.  Tiriy  anti- 
mony, quartz^  and  sulphate  of  baryta  would,  if  present,  be  left 
in  the  insoluble'  portion.  Collect  and  weigh  the  insoluble 
portion ;  digest  it  repeatedly  with  acetate  of  ammonia  (sp.  gr. 
1065),  wash,  dry,  and  weigh.  The  difference  indicates  the 
amount  of  sulphide  of  lead.  The  lead  may.  be  precipitated 
from  its  solution  in  acetate  of  ammonia  by  sulphide  of  ammo- 
nium, and  the  sulphide  of  lead  may  be  oxidized  into  sulphate 
by  nitric  and  sulphuric  acids. 

From  all  the  metals  that  have  hitherto  been  treated  of,  lead 
may  be  separated  by  sulphuretted  hydrogen ;  the  solution 
should  be  acidified  bv  nitric  acid,  and  considerably  diluted. 

Separation  of  Sulphate  of  Lead  from  Sulphate  of  Baryta. 
—  Hyposulphite  of  soda  dissolves  sulphate  of  lead.  To  effect 
the  separation,  a  concentrated  solution  of  the  hyposulphite 
is  added  to  a  mixture  of  the  two  salts,  and  the  whole  gently 
warmed,  taking  care  that  the  temperature  does  not  exceed  68^ ; 
at  a  higher  temperature  sulphite  of  lead  is  formed,  which  is 
insoluble  in  the  hyposulphite. 

173.  Pbotoxide  of  Thallium.* 

General  Characters, — This  oxide  may  be  prepared  by  allow- 
ing granulated  thallium  to  oxidize  in  warm,  moist  air,  and  then 
boiling  in  distilled  water.  By  repeating  this  operation  two  or 
three  times,  a  saturated  hot  solution  of  the  oxide  is  formed. 
Upon  filtering,  the  small  quantity  of  carbonate  which  may  have 
formed,  separates  at  first  in  whitefneedles,  whilst  upon  further 
cooling  the  oxide  crystallizes  out  in  yellow  needles. 

Anhydrous  protoxide  of  thallium  is  formed  by  exposing  these 
yellow  crystals  in  a  vacuum  over  sulphuric  acid ;  it  then  forms 
a  reddish-black  mass,  retaining  the  shape  of  the  crystals.  When 
heated  to  about  the  melting-point  of  the  metal,  it  melts  to  a 
brown,  limpid  liquid,  which  at  a  high  temperature  evolves 
reddish-black  vapours,  partially  oxidizing  at  the  same  time  to 
the  peroxide.     Upon  cooling,  the  brown  liquid  solidifies  to  an 

*  For  the  information  contained  in  this  section  we  are  entirely  indebted 
to  the  able  and  exhaustive  memoir  on  thallium,  published  in  the  *  Journal 
of  the  Chemical  Society'  (Series  2,  toI.  ii.,  April,  1864),  by  William  Orookes, 
F.B.S.,  the  disooverer  of  this  singular  element. 
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isilmost  black  crystalline  mass.    The  fused  oxide  attacks  glass  Jb 
and  porcelain,  removing  silica.     When  heated  it  alvrays  per^mr 
oxidizes  slightly.     Oxide  of  thaUiam  is  decomposed  by  hydro-  "^ 
g$k  at  a  red-heat,  forming  water  and  metallic  thallium.     The 
decomposition  is  however  never  perfect,  owing  to  the  oxide 
fftsing  and  volatilizing.     When  fused  with  sulphur  it  forms 
sulphide  of  thallium ;   and  in  aqueous  solution  with  metallic 
zinc,  the  metal  is  precipitated,  and  oxide  of  zinc  formed ;  when 
an  electric  current  is  passed  through  a  solution  of  the  oxide, 
it  is  also  reduced  to  the  metallic  state. 

The  best  method  of  preparing  perfectly  pure  bydrated  oxide 
:7^of  thallium,  is  to  add  water  to  the  oily  compound  of  oxide  of 
/thallium  and  alcoliol.  This  at  once  separates  the  oxide  in 
the  form  of  a  bright  yellow  crystalline  mass,  which  may  be 
separated  from  alcohol  and  water,  by  exposure  to  warm,  dry 
It  is  a  powerful  base,  dissolving  readily  in  water,  and 
ling  a  colourless,  strongly  alkaline  solution.  It  has  a 
slight  odoigf,  similar  to  that  of  potassa,  dissolves  the  skin,  and 
feels  gpa^sy.  It  has  a  strong  action  on  the  hair  and  nails, 
staining  them  a  deep  and  very  permanent  brown  colour.  It 
blues  red  litmus-paper,  browns  turmeric-paper,  has  a  metallic 
alkaline  taste,  and  neutralizes  acids  completely.  It  eliminates 
ammonia  from  chloride  of  ammonium,  and  reacts  with  hydro- 
chloric acid,  iodide  of  potassium,  sulphide  of  ammonium,  etc., 
in  the  characteristic  manner  of  a  thallium  salt.  An  aqueous 
solution  of  protoxide  of  thallium  has  a  greater  similarity  to 
potassa  than  to  ammonia  in  its  reactions  with  metallic  salts. 
When  added  to  solutions  of  magnesium,  cerium,  manganese, 
zinc,  cadmium,  lead,  iron,  cobalt,  nickel^  copper,  mercury,  silver, 
and  peroxide  of  thallium,  it  precipitates  the  respective  oxides, 
without  redissolving  them  in  excess.  From  salts  of  aluminum 
and  chromium  it  precipitates  the  hydrated  oxides,  and  easily  re- 
dissolves  them  when  in  excess,  forming  with  alumina  a  solution 
unaltered  by  boiling,  but  precipitated  by  a  current  of  carbonic 
acid,  and  with  chromium  a  green  solution  precipitated  on  boil- 
ing. The  salts  6f  thallium  are  highly  poisonous,  3  or  4  grains 
of  the  sulphate  being  sufficient  to  kill  a  small  animal;  the 
symptoms  are  somewhat  similar  to  those  produced  by  lead. 
When  ignited,  salts  of  thallium  generally  fuse  at  temperatures 
below  redness,  and  then  volatilize  without  change.  On  charcoal 
before  the  blow-pipe,  they  volatilize,  communicating  an  intense 
green  colour  to  flame. 
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Comportment  of  Salts  of  Protoxide  of  Thallium  with  re- 
agents: — 

Hydrosulphuric  Acid  produces  no  effect  when  added  to 
a  solution  of  sulphate*  or  nitrate  with  excess  of  acid  ;  if  the 
solution  be  neutral,  a  small  portion  of  the  metal  is  precipitated. 
In  solutions  of  oxide  of  thallium,  combined  with  a  weak  acid 
such  as  acetic,  this  reagent  throws  down  the  whole  of  the 
metal  in  the  form  of  a  deep  brown  sulphider.. 

Sulphide  of  Ammonium  precipitates  thallium  salts  completely, 
the  precipitated  sulphide  being  insoluble  in  sulphide  of  ammo- 
nium^ in  caustic  alkalies,  their  carbonates  and  cyanides,  and 
only  slightly  soluble  in  acetic  acid. 

Hydrochloric  Acid  and  soluble  Chlorides  precipitate  a  diffi- 
cultly soluble  white  chloride. 

Hydrohromic  Acid  and  soluble  Bromides  precipitate  a  white, 
nearly  insoluble  bromide. 

Hydriodic  Acid  and  soluble  Iodides  precipitate  an  inBolabte'' 
yellow  iodide. 

Alkalies,  Alkaline  Carbonates  or  Bicarhonates  produ^  no 
change  in  thallium  protosalts. 

Phosphate  of  Soda  gives  a  white  precipitate,  nearly  insoluble 
in  ammonia,  easily  soluble  in  acids. 

Chromate  of  Potassa  gives  a  yellow  precipitate,  insoluble  in 
cold  nitric  or  sulphuric  acid,  but  turned  orange-red  on  boiling 
in  the  acid  solution. 

Bichloride  of  Platinum  precipitates  a  very  pale  yellow,  in- 
soluble double  salt. 

Phosphuretted  Hydrogen  precipitates  a  black  phosphide, 

From  aqueous  solutions  of  salts  of  protoxide  of  thallium 
the  metal  is  precipitated  in  metallic  crystals  by  zinc,  and 
slowly  by  iron. 

Peroxide  of  thallium  (TIO3)  ^^  always  formed  when  metallic 
thallium  is  heated,  or  even  when  a  solution  of  the  protoxide 
is  evaporated  in  the  air :  when  the  metal  is  burnt  in  oxygen 
the  product  is  chiefly  peroxide.  It  is  best  prepared  by  adding 
potassa,  ammonia,  or  protoxide  of  thallium  tt>  a  solution  of 
the  peroxide,  washing  the  precipitate  formed,  and  drying  at 
a  temperature  of  600°  F. 

Anhydrous  peroxide  of  thallium  is  a  dark-brown  powder, 
fusing  with  difficulty,  and  evolving  oxygen  at  a  red-heat,  be- 
coming reduced  to  protoxide.  It  is  neutral  to  test-paper,  and 
insoluble  in  water.     It  dissolves  readily  in  sulphuric,  nitric, 
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and  hydrochloric  acids,  forming  hygrometric  and  insoluble  salts. 
The  hydrated  peroxide  (TIO3HO)  is  obtained  by  drying  the 
precipitated  peroxide  at  a  temperature  of  212°  F. ;  it  forms  a 
brown  powder,  a  shade  lighter  than  the  anhydrous  oxide. 

JProperties  of  Thallium, — The  most  characteristic  property 
of  thallium  is  the  intense  green  colour  which  the  metal,  or 
any  of  its  compounds,  communicates  to  a  colourless  flame. 
When  examined  in  the  spectroscope  this  colour  is  seen  to  be 
absolutely  monochromatic,  appearing  as  one  intensely  brilliant 
and  sharp  green  line.  The  delicacy  of  the.  spectral  reaction  of 
this  metal  is  so  great,  that  Mr.  Crookes  was  able  to  produce 
it  with  the  five-millionth  of  a  grain  of  the  sulphate. 

The  specific  gravity  of  thallium  varies  according  to  the  treat- 
ment it  has  undergone.  A  lump,  melted,  and  slowly  cooled 
under  cyanide  of  potassium,  was  found  by  Mr.  Crookes  to  be 
IL'81 ;  after  being  strongly  compressed  it  became  11*88.  De 
la  Kive  states  it  to  be  11'85  alter  being  melted,  and  11'86 
after  being  drawn  into  wire. 

Thallium  is  the  softest  metal  known,  admitting  of  free  ex- 
posure to  the  atmosphere.  The  finger-nail,  or  even  a  piece  of 
lead,  scratch  it  readily.  It  marks  paper  like  plumbago,  form- 
ing a  streak,  grey  at  first,  then  turning  yellow,  and  in  a  day 
or  two  fading  nearly  out.  Sulphide  of  ammonium  or  sulphu- 
retted hydrogen  will  at  any  time  temporarily  restore  the  dark 
streak.  Thallium  has  less  tenacity  than  lead,  and  does  not 
become  brittle  at  any  temperature  between  0°  F.  and  its  melt^ 
ing-point,  which  Mr.  Crookes  places  at  561°  F.,  and  M.  Lamy 
at  554°  F.  It  is  very  malleable,  and  can  be  hammered  into 
foil  as  thin  as  tissue-paper.  It  can  be  drawn  into  wire  only 
with  difficulty ;  in  this  state  it  is  almost  devoid  of  elasticity, 
retaining  auy  form  into  which  it  is  bent,  with  scarcely  a  ten- 
dency to  spring  to  its  original  position. 

Thallium  is  a  very  crystalline  metal,  and  crackles  almost 
as  much  as  tin  when  bent.  When  several  pounds  of  the 
metal  are  fused  and  allowed  to  cool  slowly,  and  the  interior 
liquid  portion  poured  off  from  that  which  has  solidified,  well- 
defiaed  crystals,  in  octahedrons  and  fern-like  forms  are  pro- 
duced. When  heated  in  the  air,  thallium  begins  to  volatilize 
at  a  red-heat,  evolving  brown  vapours  of  oxide ;  it  boils  below 
a  white-heat,  and  may  be  distilled  in  a  current  of  hydrogen : 
when  heated  to  redness,  and  plunged  into  oxygon,  it  burns 
brilliantly. 
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The  atomic  weight  of  thallium  has  been  found  by  Lamy  to 
be  204.  The  results  of  five  experiments  gave  Crookes  202*96, 
a  number  which  he  thinks  may  be  somewhat  too  high.  In 
electro-chemical  position  thallium  is  very  near  cadmium,  being 
precipitated  from  the  sulphate  by  zinc  and  iron,  but  not  by 
cadmium,  tin,  or  copper. 

The  position  of  thallium  amongst  the  elementary  bodies  has 
given  rise  to  considerable  discussion.  On  the  Continent  it  is 
generally  classed  amongst  alkali  metals ;  in  England  it  is,  on 
the  other  hand,  genendly  regarded  as  belonging  to  the  silver 
and  lead  group.  Amongst  the  facts  in  favour  of  the  relation- 
ship of  tlmllium  to  the  alkali  metals,  the  following  have  been 
adduced  : — It  forms  a  readily  soluble,  highly  alkaline  oxide,  a 
soluble  and  alkaline  carbonate,  an  insoluble  platino-chloride, 
and  with  alumina  a  double  sulphate,  having  the  crystalline 
form  of  common  alum,  with  a  similar  composition.  As  reasons, 
among  others,  for  classing  thallium  with  the  heavy  metals, 
have  been  urged  the  complete  or  nearly  complete  insolubility 
of  its  peroxide,  sulphide,  phosphide,  iodide,  bromide,  chloride, 
chromate  and  phosphate;  its  ready  reduction  from  aqueous 
solutions  of  its  salts  by  metallic  sine ;  the  highly  poisonous 
character  of  its  compounds  ;  the  production  of  a  brown  inso- 
luble peroxide  by  electrolytic  means ;  its  high  atomic  weight ; 
the  complexity  of  its  photographic  spectrum,  shown  by  Dr. 
W.  A.  Miller  to  contrast  strongly  with  the  simplicity  of  those 
of  the  alkali  metals ;  its  low  conducting  power  for  electricity, 
which  is  close  to  that  of  lead  and  tin,  and  much  inferior  to 
that  of  the  alkali  metals ;  its  specific  heat,  which  coincides  with 
that  of  lead ;  its  density  and  melting-point,  very  near  those  of 
lead,  and  finally  its  physical  appearance  and  character,  which 
approach  so  nearly  to  those  of  lead,  that  few  persons  would 
notice  at  first  sight  any  difierence  between  the  two  metals. 

174.   SiLVEB. 

This  metal  is  weighed  as  chloride^  as  aulphide,  as  cyanide^  or 
in  its  pure  metallic  state.  It  is  likewise  estimated  by  volu- 
metric processes. 

Quantitative  estimation  as  Chloride, — To  the  solution  con- 
tained in  a  long-necked  flask,  and  acidified  with  nitric  acid, 
hydrochloric  acid  is  added  in  excess ;  the  whole  is  then  well 
agitated,  and  allowed  to  remain  for  several  hours  in  a  warm 
place ;  the  clear  fluid  is  carefully  separated  by  decantation 
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from  the  precipitated  chloride,  which  is  then  washed  with 
water  acidulated  with  hydrochloric  acid.  It  is  then  trans- 
ferred to  a  weighed  porcelain  crucible,  in  which  the  washing 
is  continued  with  distilled  water  till  all  traces  of  acid  are  re- 
moved. The  various  washings  are  collected  in  a  beaker,  and, 
if  the  whole  be  not  perfectly  clear,  it  must  be  allowed  to  stand 
in  a  warm  place  for  several  hours,  and  the  precipitate,  if  any 
should  form,  must  be  added  to  the  contents  of  the  porcelain 
crucible.  The  chloride  of  silver,  having  been  perfectly  washed, 
is  heated  to  incipient  fusion,  and  weighed  ;  it  may  afterwards 
be  completely  removed  from  the  crucible,  by  reducing  it  by 
means  of  sulphuric  acid  and  zinc.  Should  the  quantity  of 
chloride  obtained  in  the  experiment  be  small,  it  may  be  ad- 
visable to  collect  it  on  a  filter,  from  which  it  should,  after 
washing,  be  removed  as  completely  as  possible,  and  the  filter, 
with  the  residue  remaining  on  it,  burnt,  on  the  cover  of  the 
crucible,  the  ashes  being  mixed  with  the  bulk  of  the  chloride, 
which  is  then  heated  to  incipient  fusion  in  a  counterpoised 
porcelain  crucible  as  before.  According  to  Eose,  it  is  not 
admissible  to  precipitate  silver  by  the  chloride  qfammonmm, 
as  this  salt  is  capable  of  retaining  traces  of  silver  in  solution. 
In  cases  where  the  presence  of  much  chloride  of  ammonium 
is  unavoidable,  Gay-Lussac  and  Liebig  recommend  to  evapo- 
rate the  solution  filtered  from  the  chloride  of  silver  nearly  to 
dryness,  and  to  treat  the  residue  with  nitric  acid  ;  on  exposing 
the  whole  to  heat,  the  alkaline  chloride  is  converted  into  ni- 
trate, while  the  small  quantity  of  chloride  of  silver  remains  un- 
altered, and  does  not  dissolve  when  the  mixture  is  diluted. 
The  composition  of  chloride  of  silver  is — 

One  equivalent  of  Ag   .     .     .  108*0     .     .     76-26 
One      ditto       of  CI    .     .     .     355     .     .     2474 

One      ditto       of  AgCl    .     .  143-5     .     .  10000 

QtMntUative  estimation  as  Sulphide. — Washed  sulphuretted 
hydrogen  gas  is  transmitted  through  the  solution  as  long  as 
a  precipitate  continues  to  form ;  the  whole  is  then  warmed, 
and  allowed  to  settle  ;  it  is  finally  collected  on  a  weighed  filter, 
washed  as  rapidly  as  possible  out  of  contact  of  air,  and  dried 
at  212^.  Silver  may  likewise  be  precipitated  as  sulphide  from 
neutral  and  alkaline  solutions  by  sulphide  of  ammonium  ;  but, 
as  in  this  case  the  precipitated  sulphide  is  invariably  accom- 
panied by  sulphur,  it  is  necessary  to  convert  it  for  weighing 
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into  chloride,  by  digesting  it  with  nitric  acid,  and  then  preci- 
pitating it  with  hydrochloric  acid.  Even  when  precipitated 
irom  acid  solutions  by  sulphuretted  hydrogen,  sulphide  of 
silyer  veir  frequently  contains  sulphur,  from  which  it  may  be 
freed  by  digesting  it  with  a  hot,  moderately  strong  solution  of 
sulphite  of  soda. 

The  composition  of  sulphide  of  silver  is — 

One  equivalent  of  Ag      ...  108     .     .     87*09 
One       ditto      ofS    .     .     .     .__16    .     .     12-91 

One      ditto      of  AgS    .     .     .124     .     .  100*00 

Quantitative  estimation  as  Cyanide, — Cyanide  of  potassium 
is  added  in  sufficient  quantity  to  redissolve  the  precipitate 
which  is  at  first  formed,  dilute  nitric  a6id  is  then  added,  and  a 
gentle  heat  applied,  by  which  the  whole  of  the  cyanide  of 
silver  is  precipitated.     It  is  washed  and  dried  at  212^. 

The  composition  of  cyanide  of  silver  is — 

One  equivalent  of  Cy  .     .     .     .     26     .     .     194 
One      ditto      of  Ag        .     .     .  108     .     .     806 

One      ditto      of  AgCy  .     .     .  134     .     .  1000 

Silver  when  combined  with  or£;anic  acids,  is  estimated  in  the 
metallic  state,  to  which  it  is  reduced  by  igniting  the  salt  in  a 
porcelain  crucible.  The  heat  should  be  gentle  at  first  and  the 
cover  on,  to  prevent  loss  during  the  ignition.  The  lid  is  after- 
wards removed,  and  a  strong  heat  applied  for  a  considerable 
time,  in  order  to  effect  complete  combustion  of  the  carbon  of 
the  organic  acid.  Silver  is  completely  separated  from  all  the 
metals  of  the  first  four  groups  by  sulphuretted  hydrogen.  The 
solutions  must  in  all  cases  be  acid.  Eom  lead  it  may  be  sepa- 
rated by  hydrochloric  acid ;  or  by  heating  the  solution  contain^ 
ing  both  metals  with  cyanide  of  potassitim^  which  precipitates 
the  lead  in  the  state  of  carbonate,  retaining  the  silver  in  solution 
as  argento-eyanide  of  potassium.  The  silver  is  subsequently 
precipitated  in  the  form  of  cyanide  of  silver  by  the  addition  of 
nitric  acid. 

A  method  of  determining  the  amount  of  silver  in  argenti- 
ferous galena  has  been  founded  by  Mene  on  the  solubility  of 
oxide  of  silver,  and  the  insolubility  of  oxide  of  lead  in  caustic 
ammonia  in  excess.  About  300  grains  of  the  specimen  to  be 
analysed  are  pulverized,  and  boiled  with  nitric  acid  diluted  with 
three  or  four  times  its  volume  of  water  in  a  porcelain  capsule. 
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In  a  little  while,  all  the  sulphur  is  separated,  and  the  lead  dis- 
solved ;  the  filtered  liquid  is  precipitated  by  a  great  excess  of 
ammonia,  then  filtered  again  rapidly,  and  the  precipitate  washed 
with  ammoniacal  water.  By  this  reagent  all  the  oxides  are 
precipitated  at  first,  and  afterwards  those  which  are  soluble, 
are  again  dissolved.  The  liquid  is  treated  with  an  excess  of 
hydrochloric  acid  mixed  with  a  few  drops  of  nitric  acid  to 
facilitate  the  precipitation  of  the  silver  which  is  separated  and 
weighed  as  chloride.  This  process  is  said  to  be  applicable  in 
every  case  of  analysis,  whatever  may  be  the  elements  contained 
in  the  specimen  under  examination. 

EBtimation  of  Silver  in  alloys  (wet  method). — The  analysis 
of  alloys  of  silver  by  a  solution  of  chloride  of  sodium  may  be 
effected  in  three  different  ways : — 1.  The  silver  may  be  pre- 
cipitated by  an  excess  of  the  alkaline  chloride,  the  weight  of 
the  chloride  of  silver  produced  indicating  the  amount  of  silver. 
2.  The  quantity  of  chloride  of  sodium  in  a  given  weight  of  its 
aqueous  solution  being  known,  the  amount  of  silver  in  the  alloy 
may  be  ascertained  by  observing  the  weight  of  the  alkaline 
chloride  required  to  precipitate  it  completely.  3.  The  quantity 
of  chloride  of  sodium  in  a  given  volume  of  its  aqueous  solution 
being  known,  the  amount  of  silver  in  the  alloy  may  be  ascer- 
tained by  observing  the  volume  of  the  solution  of  alkaline 
chloride  required  to  precipitate  it.  The  last  of  these  methods 
was  proposed  by  Gay-Lussac  in  1829,  and  as  it  is  one  of  great 
simplicity  and  accuracy  it  is  generally  adopted  in  the  British, 
Continental,  and  American  mints  for  the  assay  of  bars  and 
coins  of  silver.  The  process  is  conducted  in  the  following 
manner  (Pelouze  and  IVemy)  : — 

(a.)  Preparation  of  pure  Silver, — A  certain  quantity  of  ordi- 
nary silver  is  dissolved  in  nitric  acid ;  should  any  residue  re- 
main, it  is  separated  by  decantation,  the  solution  is  diluted  with 
water  and  precipitated  by  slight  excess  of  chloride  of  sodium ; 
the  resulting  chloride  of  silver  having  been  well  washed  and 
dried,  is  reduced  at  a  red-heat  in  a  Hessian  crucible  with  a 
mixture  of  chalk  and  charcoal,  the  proportions  being  70*4  parts 
of  chalk,  and  4*2  parts  of  charcoal  for  every  100  parts  of  dry 
chloride  of  silver.  The  decomposition  takes  place  in  accordance 
with  the  following  equation : — 
AgCH-2(CaO,C02)  +  C=CaCl,CaO+CO  +  2COg+Ag. 

Ozychloride  of  Caloinm. 

The  reduced  silver  forms  a  button  at  the  bottom  of  the  craci- 


8TLV£B.  355 

ble ;  it  is  removed,  well  washed,  re-dissolved  in  nitric  acid,  the 
solution  again  precipitated  by  common  salt,  and  the  chloride 
again  reduced  by*chalk  and  charcoal ;  the  metal  is  now  perfectly 
pure.  It  should  be  reduced  to  a  granular  state,  or  roiled  into 
thin  plates  to  facilitate  its  solution  in  nitric  acid. 

(b.)  Preparation  of  a  standard  or  normal  solution  of  Chloride 
of  Sodium. — A  normal  solution  of  chloride  of  sodium  may  be 
prepared  by  dissolving  5*414  grammes  of  the  pure  salt  in  1 
litre  of  distilled  water  at  15°  C. ;  a  d^ciiitre  (100  cubic  centi- 
metres) of  this  solution  will  precipitate  exactly  1  gramme  of 
pure  silver. 

It  is  better,  however,  to  prepare  the  normal  liquor  from 
ordinary  culinary  salt.  For  this  purpose  200  or  300  grammes 
should  be  dissolved  in  about  2  litres  of  water ;  a  few  grammes 
of  the  solution  should  be  evaporated  to  ascertain  the  exact 
amount  of  salt  it  contains,  and  the  solution  should  then  be 
diluted  with  such  a  quantity  of  distilled  water  as  would  be  re- 
quired, supposing  the  salt  to  be  pure.  1  gramme  of  the  pure 
silver  is  dissolved  in  pure  nitric  acid,  and  the  solution  precipi- 
tated with  the  proper  precautions  by  100  cubic  centimetres  of 
the  saline  solution,  but  as  the  salt  is  not  pure,  this  quantity  will 
not  be  found  sufficient  to  effect  the  complete  precipitation  of 
the  silver,  and  it  will  be  necessary  to  add  a  certain  number  of 
cubic  centimetres  of  a  decinormal  saline  solution,  the  exact  com- 
position of  which  is  known.  The  Volume  of  this  solution  which 
has  been  required  to  complete  the  precipitation  of  the  silver  is 
noted,  and  a  calculation  is  made  to  ascertain  how  much  of  it 
must  be  added  to  the  first  solution  to  render  it  normal ;  the 
experiment  should  be  repeated  two  or  three  times  to  ensure 
accuracy. 

It  is  not,  however,  absolutely  necessary  that  100  cubic  centi- 
metres of  the  saline  solution  should  precipitate  exactly  a  gramme 
of  pure  silver,  it  suffices  if  it  approximates  very  closely,  and 
that  the  exact  quantity  of  silver  precipitated  be  known. 

.  (c.)  Preparation  cf  the  Decinormal  Saline  Solution. — 100 
cubic  centimetres  of  the  normal  solution  are  poured  into  a 
flask  of  the  capacity  of  1  litre  which  is  then  filled  up  with  dis- 
tilled water  and  well  mixed;  it  is  evident  that  a  litre,  or  1000 
cubic  centimetres,  of  this  solution  will  be  required  to  precipi-^ 
tate  1  gramme  of  pure  silver ;  and  that  one-thousandth  part,  or 
1  cubic  centimetre,  will  precipitate  one-thousandth  part  of  a 
gramme  or  1  milligramme  of  silver. 
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(d.)  Preparation  of  the  Decinormal  Solufion  of  Silver. — One 
gramnie  of  the  pure  metal  is  dissolved  in  5  or  6  graiumes  of 
pure  nitric  acid,  and  the  solution  diluted  with  distilled  water  to 
eiactly  the  volume  of  1 
litre.  The  decinormal 
Bilver  solution  and  the 
decinormal  aaline  eolu- 
tion  are  thjiB  prepared 
of  Buch  atrengtha,  that 
ou  mixing  together  equal 
volumes  of  each,  neitoer 
nitrate  of  silver  nor  chlo- 
ride of  Bodium  remain  in 
the  liquor,  but  nitrate  of 
Boda  is  in  solution,  and 
chloride  of  silver  precipi- 
tated in  accordance  with 
the  equation— 
AHO,NOj-|-NaCI  = 
AgCl-|-NaO,NOs. 
In  lahoFHtories  where 
the  wet  assay  of  silver 
alloys  is  constantly  go- 
ing on,  large  quantities 
of  the  normal  aaline  so- 
lution are  prepared  at 
once,  and  the  pipette  is 
arranged  as  a  fixture  in 
the  manner  represented 
in  Fig.  73,  where  o  re- 
presents  the  reservoir 
containing  the  normal 
saline  solution,  and  n 
a  tube  through  which 
air  is  admitted  when 
the  apparatus  ia  in  use. 
The  solution  is  deliver- 
ed from  the  reservoir 
through  the  bent  tube 
;.  furnished  with  a  stop- 
cock. The  pipette  gf  is  placed  in  communication  with  the 
bent  delivery-tube  by  the  tube  k  in  which  a  thermometer  is 
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inserted ;  «  is  a  stopcock  which  serves  to  establish  a  communi- 
cation between  the  tube  /  k  and  the  pipette.  The  apparatus 
a  ^  is  employed  to  facilitate  the  exact  emptying  of  the  pipette, 
the  tray  c  d  slides  backwards  and  forwards  between  two  grooves, 
its  motion  in  either  direction  being  limited  by  the  stops  a  and 
h.  As  seen  in  the  figure,  the  assay-bottle  c  is  immediately 
under  the  lower  extremity  of  the  pipette,  from  which  the  liquor 
can  be  delivered  without  wetting  the  neck  or  sides  of  the  bottle ; 
J  is  a  smalNessel  for  receiving  the  excess  of  the  saline  solution, 
and  tf  is  a  small  sponge  so  adjusted  that  when  the  tray  is  slid 
along  the  groove  till  it  is  stopped  by  a,  the  sponge  just  touches 
the  lower  extremity  of  the  pipette.  In  order  to  fill  the  pipette, 
its  lower  aperture  is  closed  by  the  finger,  and  the  stopcocks  / 
and  i  being  opened,  the  solution  enters  £rom  the  reservoir,  the 
air  escaping  through  an  aperture  in  the  plug  of  the  lower  part  of 
the  stopcock,  which  aperture  can  be  closed  at  pleasure  by  the 
plug  h.  The  pipette  being  filled,  and  the  aperture  closed,  the 
nnger  is  removed,  and  the  sponge  brought  m  contact  with  its 
I)oint,  the  plug  h  is  now  gently  relaxed,  and  the  liquor  allowed 
to  flow  from  the  pipette  until  the  mark  a  is  reached,  the  plug 
is  then  cloecd,  aua  the  last  drop  having  been  removed  by  the 
sponge,  the  burette  remains  filled  with  exactly  100  cubic  centi- 
metres of  the  saline  solution. 

Previous  to  applying  this  process  to  the  analysis  of  silver 
alloys,  it  is  necessary  to  know  approximately  the  value  of  the 
assay ;  that  is,  to  operate  upon  a  quantity  containing  nearly  one 
gramme  of  silver ;  a  tentative  experiment  on  a  gramme  of  the 
alloy  with  the  normal  saline  solution  will  give  the  requisite  in- 
formation on  this  point. 

Let  us  suppose  by  way  of  illustration  that  a  piece  of  French 
silver  coin  is  to  be  examined,  which,  in  order  to  be  of  the 
standard  quality  as  prescribed  by  law,  should  contain  y'^^ths  of 
silver.  The  quantity  that  should  be  taken  to  represent  1  gramme 
of  silver  is  formed  by  the  proportion — 

827  :  1000  :  :  1000  :  x 
X  =  1115. 
1'115  grm.  of  the  alloy  are  therefore  dissolved  with  the  aid  of 
a  gentle  heat  in  5  or  6  cubic  centimetres  of  pure  nitric  acid, 
the  solution  is  transferred  to  the  bottle  e^  Fig.  78,  and  the 
charge  from  the  pipette  delivered  into  it.  The  bottle  is  closed 
with  its  stopper,  and  briskly  agitated  for  two  or  three  minutes ; 
if  only  one  or  two  assays  are  being  made,  this  may  be  done  with 
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the  hand,  but  when  several  samples  are  being  operated  upon, 
the  aaitator.  Fig.  74,  is  employed.  This  consists  of  a  frame  d 
provided  with  a  series  of  compartments  e  ee,  etc.,  each  of  which 
will  hold  exactly  one  of  the  bottles,  the  frame  is  suspended  from 
the  steel  spring  a  h,  between  two  strong  springs  of  vulcanized 
india-rubber.  The  stoppers  of  the  bottles  having  been  well 
secured,  the  apparatus  is  grasped  by  the  handle  c  d,  and  briskly 
agitated  for  two  or  three  minutes ;  the  chloride  of  silver  is  soon 
completely  precipitated,  leaving  the  supernatant  fluid  quite 
clear.  One  cubic  centimetre  of  the  decinormal  saline  liquor  is 
now  delivered  into  the  bottle  from  a  small  pipette,  tliis  pipette 
is  a  small  tube  open  at  both  ends,  the  lower  aperture  being  con- 
siderably contracted  ;  it  has  two 
marks  upon  it  corresponding 
to  1  and  2  cubic  centimetres ; 
it  passes  through  the  cork,  and 
nearly  to  the  bottom  of  the 
bottle  containing  the  deci- 
normal saline  liquor,  so  that 
the  requisite  quantity  can  be 
easily  withdrawn,  by  applying 
the  finger  to  the  upper  end, 
then  removing  it  from  the 
bottle,  and  allowing  the  liquor 
to  drop  out  from  the  lower  aper- 
ture by  relaxing  the  finger  un- 
til the  mark  indicating  1  cubic 
centimetre  has  been  exactly 
reached.  Should  the  solution 
still  contain  silver,  it  is  re- 
vealed by  the  formation  of  a 
white  cloud ;  hereupon  the 
bottle  is  again  agitated,  and  a 
second  cubic  centimetre  of  the 
decinormal  saline  solution  in- 
troduced. Suppose  that  3 cubic 
centimetres  have  in  this  way 
been  added,  and  that  the 
fourth  no  longer  produces  a 
white  cloud,  the questionarises, 


Fig.  74. 


was  the  whole  of  the  third  cubic  centimetre  required  or  only 
part  of  it  ?    But  as  this  question  cannot  be  decided,  one-half  of 
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the  third  cubic  centimetre  is  assamed  as  the  real  quantity ;  the 
error  arising  from  this  arbitrary  measure  cannot  amount  to 
more  than  half  a  millimetre,  since  1  cubic  centimetre  of  the 
decinormal  saline  liquor  corresponds  to  1  milligramme  of  silver. 
The  result  of  the  assay  then  is  this : — (1)  100  cubic  centimetres 
of  the  normal  saline  liquor,  equivalent  to  1*000  gr.  of  silver ; 
(2)  2*5  cubic  centimetres  of  the  decinormal  saline  liquor,  equi- 
valent to  2*5  milligrammes  of  silver :  the  quantity  of  alloy  sub- 
mitted to  analysis  contains  therefore  1000  gr.  +  00025gr.  = 
1*0025  gr.  of  silver.  The  standard  of  the  alloy  is  therefore  found 
by  the  following  proportion : — 

1116  :  1000  :  :  1000  :  x 

899 
9  =  0*809,  or  the  standard  of  the  alloy  is  Tqqq- 

Suppose,  however,  that  no  white  cloud  has  arisen  after  the 
introduction  of  the  first  cubic  centimetre  of  the  decinormal  so- 
lution ;  this  shows  that  the  whole  of  the  silver  has  been  preci- 
pitated by  the  100  cubic  centimetres  of  the  normal  saline  liquor, 
and  that  quantity  has  probably  been  too  much ;  to  ascertain 
this,  the  cubic  centimetre  of  the  decinormal  saline  solution  which 
has  just  been  added,  must  be  neutralised  by  1  cubic  centimetre 
of  the  decinormal  silver  solution,  and  the  liquor  must  be  agitated 
till  clear,  the  operator  then  adds  successive  cubic  centimetres  of 
the  decinormal  silver  solution,  until  a  white  cloud  is  no  longer 
produced.  Let  us  suppose  that  a  cloud  ceases  to  make  its  ap- 
pearance on  the  addition  of  the  fourth  cubic  centimetre,  then, 
as  before,  one-half  of  the  third  cubic  centimetre  is  taken  as  re- 
presenting the  real  quantity  that  has  sufficed ;  the  1*115  gramme 
of  alloy  contains  therefore  1*0050  —  00025  =  09975  gramme 
of  silver,  and  the  standard  is  formed  by  the  proportion — 

1*115  :  1000  :  :  1000  :  x 
4:=0*8946,  which  is  below  the  legal  French  standard,  viz.  0*897. 

Dilatations  and  contractions  are  occasioned  in  the  volume  of 
the  normal  saline  liquor  by  variations  in  temperature,  and  M. 
Gav-Lussac  constructed  a  table  of  corrections  to  be  applied. 
It  IS  better,  however,  when  a  series  of  assays  is  about  to  be 
made,  to  make  at  the  same  time  a  standard  assay  with  a  gramme 
of  pure  silver;  the  exact  value  of  the  normal  solution  is  thus 
ascertained,  and  all  the  assays  made  on  the  same  day  must  be 
corrected  in  accordance  with  the  divergence  from  the  true  value 
of  the  liquor  indicated  by  the  test  experiment. 

If  the  operator  is  working  with  English  weights  and*  mea- 

2b2 


360  QUANTITATIYE   A.KALY8IS. 

Bures,  the  solution  of  common  salt  should  be  made  of  encb 
a  strength  that  1000  grain  measures  of  it  precipitate  exactlj 
10  grains  of  silyer,  and  the  decimal  solution  of  silver  should  he 
prepared  by  dissolving  10  grains  of  pure  silver  in  nitric  acid, 
and  diluting  it  vrith  distilled  water  till  the  solution  occupies 
the  bulk  of  10,000  grain  measures  of  water,  each  10  grain  mea- 
sures of  this  solution  will  therefore  contain  0*01  grain  of  silver. 

The  only  metal  the  presence  of  which  interferes  with  the  ac- 
curacy of  this  process  is  mercury^  a  metal  not  likely  to  be  met 
with  in  silver  alloys ;  if  present,  however,  it  would  be  precipi- 
tated by  the  chloride  of  sodium  together  with  chloride  of  silver 
in  the  form  of  calomel.  To  avoid  this  inconvenience,  Level  re- 
commends to  supersaturate  the  nitric  solution  with  caustic 
ammonia,  then  to  add  the  test-liquor,  and  afterwards  to  super- 
saturate the  excess  of  ammonia  with  acetic  acid;  he  states 
that  by  this  modification  he  is  able  either  with  the  presence  or 
absence  of  copper  to  estimate  accurately  silver  containing  a 
tenth  part  its  weight  of  mercury.  Gay-Lussac  simplifies  this 
process  by  adding  to  the  nitric  solution  of  the  alloy  the  am- 
monia and  acetic  acid  at  one  and  the  same  time,  but  in  auffi- 
cient  quantity  to  saturate  the  whole  of  the  nitric  acid,  both 
that  in  combination  with  the  silver,  and  that  in  the  free  state. 
He  finds  acetate  of  soda  to  answer  quite  as  well  as  acetate  of 
ammonia. 

Estimation  of  Silver  in  alloys  (dry  process). — Oupellation  : 
— This  method,  which  is  the  one  usually  adopted  at  Goldsmiths' 
Hall,  and  by  refiners,  is  founded  on  the  property  possessed  by 
silver  of  being  unoxidizable,  and  nearly  fixed,  at  a  red-heat ; 
whilst  copper  in  the  presence  of  lead  oxidizes,  and  forms  with  the 
oxide  of  lead  a  fusible  glass,  which  passes  into,  and  is  absorbed 
by  the  cupel,  the  silver  being  retained,  as  it  were  on  a  filter,  in 
the  form  of  a  bright  globule  or  button. 

The  cupel,  which  is  best  made  of  a  mixture  of  finely  levigated 
ashes  of  birch-wood  and  calcined  bones,  is  thus  prepared :  the 
ash,  slightly  moistened,  is  laid  in  a  brass  mould  somewhat 
deeper  than  that  of  the  cupel  intended  to  be  made;  iu  this 
is  placed  a  curved  and  polished  steel  pestle,  which  is  then 
struck  smartly  with  a  hammer.  The  operator  must  be  careful 
to  put  as  much  ash  into  the  mould  as  is  required  to  make 
the  cupel  at  once,  it  is  otherwise  apt  to  separate  in  layers  when 
it  comes  to  be  heated.  The  little  vessel  thus  made  is  dried 
with  great  care,  and  he&ted  to  redness  before  it  is  used.     One 
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part,  by  weight,  of  the  cupel  absorbs  during  the  process  of  cu- 
pellation  the  oxide  formed  by  two  parts  of  lead.  The  assayist 
18  thus  furnished  with  a  guide  to  the  size  of  the  cupel  required 
for  any  particular  ezDeriment. 

The  proportion  of  lead  required  varies  with  that  of  the  copper 
in  the  alloys ;  it  ia  necessary  therefore  before  proceeding  with  a 
definite  experiment  to  determine  approximatively,  the  standard 
or  finenesM  of  the  silver.  In  the  case  of  a  piece  of  coin  this  is 
generally  tolerably  well  known,  but  in  all  cases  the  fineness  of 
the  silver  should  be  ascertained  by  a  cupellation  experiment 
with  0*100  gr.  of  the  alloy  and  1  gr.  of  lead,  the  weight  of  the 
button  obtained  furnishes  a  sufficiently  close  approximation, 
and  from  this  preliminarv  trial,  the  quantity  of  lead  which  should 
be  added  is  ascertained  \j  reference  to  the  following  table  con- 
structed by  M.  d' Aroet.  The  quantity  of  allov  usually  employed 
is  1  gramme,  the  weight  of  the  button  in  milligrames  indicates 
the  standard  of  the  alloy :  thus  a  button  weighing  0  gr.  900 
milligrammes  represents  an  alloy  of  -^nnr* 

TMe  shovoing  the  Quantity  of  Lead  required  for  the  Cfupellation 
of  various  Allays  of  Silver  and  Copper, 


fitandard 

of 

Silver. 

1000 
950 
900 
800 
700 
600 
500 
400 
300 
200 
100 


Amount  of 
Copper 
ailoyed. 

0     . 

-  60     . 

-  100  . 
.  200  . 
.  300  . 
.  400  . 
,  600  . 
.  600  . 
.  700  . 
.  800  . 
.  900  . 


Pure  copper   1000 


Quantity  of 

L^id 
neceesaiy. 

3 

7 

10 

12 

14 

16  to  17 

16  to  17 

16  to  17 

16  to  17 

16  to  17 

16  to  17 


Quantity  of  Lead 

in  relation  to 

tha>t  of  Copper. 

\  60tol 

.  70  to  1 

.  60tol 

.  40tol 

.  35  to  1 

.  32tol 

.  27tol 

.  23  to  1 

.  20  to 

.  18  to 


1 
1 

16tol 


Example : — Suppose  a  piece  of  silver  of  the  approximative 
fineness  of  ^^^  is  to  be  analysed.  The  quantity  of  lead  in- 
dicated in  the  table,  viz.  7  grammes,  is  placed  in  the  cupel, 
which  is  then  introduced  into  the  muffle,  and  heated  to  bright 
redness  in  the  cupel  furnace.  When  the  lead  is  melted,  and  its 
surface  brilliant,  1  gramme  of  the  alloy  enveloped  in  a  piece 
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of  pure  sheet  lead  is  introduced  into  the  cupel ;  it  soon  enters 
into  fusion,  and  the  surface  of  the  liquid  mass  which  is  at  first 
plane,  becomes  by  degrees  convex,  in  appearance  it  is  now  like 
a  drop  of  oil.  The  fused  oxide  of  lead  is  absorbed  rapidly  by 
the  cupel,  and  a  portion  is  volatilized  and  makes  its  escape  from 
the  muffle  in  the  form  of  fumes ;  when  the  volume  of  the  alloy 
is  reduced  to  about  two-thirds,  the  cupel  is  advanced  to  the 
mouth  of  the  muffle ;  the  surface  of  the  button  soon  loses  its 
brilliancy,  and  iridescent  bands  appear  on  its  surface,  which  are 
occasioned  by  very  thin  layers  of  oxide  of  lead.  The  object  of 
advancing  the  cupel  to  the  mouth  of  the  muffle,  is  to  reduce  the 
temperature  of  the  button,  which  at  this  period  becomes  agi- 
tated with  a  rapid  circular  movement ;  this  suddenly  ceases,  and 
the  button  having  for  a  moment  emitted  a  bright  flash  of  light, 
technically  csMedJulyuration  or  eoru^cafion^  becomes  white  and 
fixed.  The  button  should  at  the  moment  of  brightening  be 
covered  with  another  cupel  which  has  been  kept  hot  for  the  pur- 
pose ;  a  portion  of  the  metal  may  otherwise  be  lost  by  disper- 
sion, from  sproutine  or  spitting.  This  phenomenon  appears  to 
arise  from  the  sudden  escape  of  the  oxygen,  which  tiie  silver 
had  mechanically  absorbed  while  in  the  melted  state  -.  if  the  but- 
ton has  been  cooled  too  rapidly,  a  crust  is  formed  over  the  sur- 
face, while  the  interior  portion  remains  fluid,  and  upon  this  soli- 
difying, the  crust  is  ruptured  by  the  sudden  expansion  of  the 
metal,  and  little  tubes  or  globules  of  the  metal  are  expelled 
by  the  sudden  escape  of  the  gas.  The  cupel  still  covered,  is 
now  removed  from  the  muffle,  and  when  cold  the  globule  is  de- 
tached, brushed,  and  weighed.  If  the  assay  has  been  a  good 
one,  it  adheres  but  loosely  to  the  cupel,  and  its  surface  is  clean, 
brilliant,  and  convex ;  but  if  it  has  been  too  strongly  heated,  it 
is  removed  with  difficulty,  and  its  surface  is  dull  and  irregular. 
The  adherence  of  the  button  to  the  cupel,  and  the  flatness  of 
its  surface,  may  also  arise  from  a  deficiency  of  lead. 

In  Fig.  75,  A  is  the  muffle,  on  each  side  of  which  is  a  slit  o  o; 
the  size  of  this  muffle  is  in  proportion  to  that  of  the  furnace, 
one  of  a  convenient  size  should  be  capable  of  containing  six  or 
eight  cupels.  The  muffle  when  introduced  into  the  furnace  is 
so  arranged  that  while  its  closed  end  is  supported  by  a  shelf  of 
refractory  brick  k,  its  open  end  corresponds  exactlv  with  the 
aperture  d  of  the  furnace,  to  the  sides  of  which  it  is  luted  by 
a  little  moistened  fire-clay.  The  fuel  (charcoal  or  coke)  is  sup* 
plied  through  the  aperture  f,  which  during  the  operation  ia 


dloBCd  by  the  door  o.  The  interior  of  the  muffle  ia  in  this  vaj^ 
conBtnntly  traversed  hj  a  current  of  air,  and  the  draught  of  tlie 
fumnce  is  increased  bv  the  tall  cbimne;  H.  The  furnace  hsTing 
been  lighted  by  introducing  ignited  cluircoal  bv  the  opening,  i, 
and  all  ihe  aperturee  except  that  of  the  ash-pit  having  been 
doiied,  the  muffle  is  allowed  to  get  red-hot ;  the  cupels  which 
have  been  previoual;  drying  round  the  ledge  of  the  chimney 
are  then  placed  by  a  pair  ol'  tongs  on  the  floor  of  the  muffle,  on 
which  a  small  quantity  of  pounded  bone-osb  has  been  strewed, 
the  opening  d  is  now  cloved  ;  the  cupels  are  soon  raised  to  the 
temperature  of  the  muffle,  and  when  this  is  the  case  the  door  is 
removed,  and  the  assay  dropped  carefully  into  the  cup<^U  by  a 
pair  of  light  steel  tongs. 


Fig.  76. 

From  a  series  of  eiperimenta  made  first  by  Tillet  and  con- 
firmed and  extended  by  D' Arcet,  the  following  conclusions  may 
be  drawn ; — 

(1.)  That  by  the  process  of  cupellatiou  the  amount  of  silver  is 
always  slightly  under-estimated,  in  consequence  of  a  portion 
being  volatilized  and  a  portion  being  abaorbed  by  the  cupel. 
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(2.)  That  the  batton  is  not  pure  silver,  but  contains  both  lead 
and  copper ;  a  wet  analysis  shows  that  as  an  average,  1000  parts 
of  the  button  contain  four  parts  of  foi^ign  metals. 

(3.)  The  more  copper  the  alloy  contains,  the  larger  the  quan- 
tity of  lead  required ;  this  however  is  only  applicable  to  alloys 
the  standard  of  which  is  above  500.  Copper  containing  a  few 
thousandths  of  silver  only  does  not  require  more  lead  than  an 
equal  weight  of  an  alloy  of  500. 

Bismuth  acts  in  cupellation  in  the  same  manner  as  lead,  and 
M.  Claudet  has  drawn  up  a  table  showing  the  proportions  that 
should  be  used  in  different  standards  of  alloys,  but  no  applica- 
tion of  these  facts  appears  to  have  hitherto  been  made. 

To  estimate  the  amount  of  loss  during  the  operation  of 
cupellation,  recourse  is  sometimes  bad  to  a  "  table  of  errors," 
which  however  cannot  be  made  exact,  because  such  a  table  im- 
plies certain  invariable  conditions  which  in  practice  cannot 
always  be  complied  with.  It  is  better  to  use  with  each  set  of 
assays  a  check  or  proofs  that  is,  to  make  an  assay  with  pure  silver. 
The  proof  is  placed  in  the  muffle  by  the  side  of  the  assays ; 
e,  g.  suppose  an  assay  has  to  be  made  of  a  piece  of  coin  the 
approximative  standard  of  which  is  -^^js ;  950  milligrammes 
of  pure  silver  and  50  of  copper  are  placed  in  a  cupel  and  in- 
troduced into  the  muffle  by  the  side  of  the  alloy.  Suppose  that 
after  cupellation,  the  proof  has  lost  two  milligrammes,  this  quan- 
tity must  be  deducted  from  the  weight  of  the  button  furnished 
by  the  alloy.  These  proofs  are  especially  useful  when  the  alloy 
contains,  gold,  platinum,  or  palladium,  as  these  metals  tend  to 
occasion  an  overweight  in  the  button. 

8ome  experiments  were  made  by  Mr.  Hambley  (Chem. 
Gaz.,  vol.  zv.  p.  185),  to  ascertain  whether  the  loss  of  silver  by 
cupellation  is  the  same,  when  varying  quantities  are  employed 
with  a  constant  ratio  of  lead,  and  also  to  find  the  loss  of  silver 
when  cupelled  with  a  gradually  increasing  ratio  of  lead.  The 
conclusions  drawn  from  the  experiments  are — 1.  That  accord- 
ing to  the  decrease  in  weight  of  the  silver  cupelled,  so  the 
loss  of  that  metal  very  slightly  increases,  provided  the  ratio  of 
lead  employed  be  constant ;  2.  That  an  increasing  ratio  of  lead 
produces  an  increasing  loss  of  silver. 

According  to  Field  (Chem.  News,  vol.  i.  p.  277),  the  pre- 
sence of  copper  exercises  a  material  influence  upon  the  loss  of 
silver  in  the  process  of  cupellation,  in  the  estimation  of  that 
metal;  when  it  exists  as  a  double  sulphide  with  copper,  the  loss 
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ia  very  appareut,  so  much  so  indeed,  that  in  the  assay  of  these 
doable  sulphides,  Field  found  it  necessary  to  abandon  the 
usual  method  and  to  adopt  the  following : — The  finely  powdered 
mineral  is  digested  in  strong  nitric  acid  until  the  sulphur  is 
yellow ;  the  solution  is  somewhat  largely  diluted  with  water, 
and  one  or  two  drops  of  hydrochloric  acid  added.  After  heat- 
ing gently,  and  allowing  the  supernatant  liquor  to  become  clear, 
it  is  filtered.  The  residue  on  the  filter,  consists  of  earthy  in- 
soluble matter  and  chloride  of  silver.  It  is  dried,  and  the 
greater  part  mixed  in  a  mortar  with  carbonate  of  soda,  a  small 
quantity  of  litharge,  and  a  few  grains  of  bitartrate  of  potassa. 
About  half  the  mixture  is  put  in  a  crucible,  and  the  filter  is 
then  folded  up  and  placed  upon  the  powder,  the  remainder  of 
which  is  now  introduced,  and  the  whole  covered  with  a  little 
fused  borax.  The  crucible  is  now  introduced  into  the  furnace ; 
an  argentiferous  button  of  lead  is  obtained,  which  is  cupelled  in 
the  usual  manner. 

Among  the  various  other  methods  of  separating  silver  from 
coppery  two  may  be  specially  noticed.  The  first  consists  in  fusing 
the  argentiferous  copper  with  2^  parts  of  lead,  and  cooling  the 
fused  mass  in  thick  round  cakes.  These  cakes  are  then  intro- 
duced into  a  furnace  of  peculiar  construction,  and  the  heat  is 
raised  sufficiently  high  to  fuse  the  alloy  of  silver  and  lead,  but 
not  to  fuse  the  copper.  On  cooling,  the  whole  of  the  silver  is 
found  combined  with  the  lead,  from  which  it  is  separated  by 
cupellation.  The  second  method  consists  in  dissolving  the  ar- 
gentiferous copper  in  sulphuric  acid,  in  a  platinum  vessel,  and 
precipitating  the  silver  from  the  solution  by  means  of  plates 
of  copper ;  the  precipitated  copper,  which  is  in  the  form  of  a 
grey  metallic  powder,  is  washed  and  fused  with  a  mixture  of 
nitre  and  borax ;  it  is  thus  purified  from  the  copper  which  may 
have  been  precipitated  with  it.  The  method  has  two  advan- 
tages ;  firsts  the  copper  is  recovered  in  a  marketable  form  (that 
of  blue  vitriol)  ;  and  second,  the  gold  amouuting  to  from  T?nnr 
to  tV^7^^  P^^^'  ^b  saved,^  this  metal  remaining  undissolved  by 
the  sulphuric  acid. 

To  estimate  the  amount  of  silver  in  a  compound  (commercial 
lead  for  example),  Pisaui  avails  himself  of  the  fact  that  iodide 
of  starch  is  cfecolorized  when  poured  into  solutions  of  some 
salts,  whilst  in  others  it  retains  its  blue  colour.  The  decolori- 
zation  is  produced  hj  silver,  mercury,  the  protosalts  of  tin,  anti' 
many,  arsenic^  iron,  and  manganese^  ana  perchloride  of  gold^ 
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The  salts  of  lead  and  copper  have  no  action  on  it.  In  order, 
therefore,  to  estimate  the  amount  of  silver  in  a  compound,  a 
standard  solution  of  iodide  of  starch  is  dropped  into  the  8uiu<- 
tion  until  the  last  drop  is  undecoroposed,  and  causes  a  blue  tint 
to  remain  in  the  liquid.  Instead  of  forming  a  standard  8olu<* 
tion  of  iodide  of  starch,  Field  dissolves  iodine  in  iodide  of  po« 
tassium,  and  drops  it  into  the  solution  of  the  silver  salt  to  which 
a  little  starch-water  has  previously  been  added.  The  silver 
compound  is  dissolved  in  nitric  acid,  gently  evaporated  nearly 
to  dryness,  a  slight  excess  of  carbonate  of  soda  introduced,  and 
the  carbonate  of  silver  brought  into  solution  by  very  weak  acetic 
acid ;  a  few  drops  of  clear  starch-water  are  added,  and  the 
iodu retted  iodide  of  potassium  dropped  in  from  a  burette. 
When  the  two  liquids  mert,  a  bright  blue  ring  is  formed,  which 
immediately  disnppears  on  agitation,  yellow  iodide  of  silver 
being  precipitated.  When  a  permanent  blue  tinge  is  produced, 
no  more  silver  exists  in  the  solution.  Three  burettes  are  em- 
ployed ;  in  the  first  one,  each  dinsion  corresponds  to  ^V  ^^  '^ 
grain  of  silver,  in  the  second  to  y^,  and  in  the  third  to  ttjW* 
When  it  is  evident  that  the  greater  part  of  the  silver  has  been 
precipitated  by  the  solution  from  the  first  burette,  a  small 
quantity  from  the  second  is  introduced,  and  the  last  traces  are 
thrown  down  by  the  third.  No  difficulty  is  experienced  in 
compounds  of  silver  and  tin,  but  the  presence  of  mercury  en- 
tirely vitiates  the  results,  as  a  salt  of  this  metal  decomposes 
the  starch  compound  with  great  facility. 

175.  Mercuby. 

This  metal  is  in  general  most  conveniently  weighed  in  the 
metallic  state.  It  may  also  be  estimated  in  the  forms  of  wlh 
chloride  and  sulphide. 

Estimation  as  metallic  Mercury  : — 

(1.)  Heduetion  in  th^  dry  way. — The  solid  mercurial  com* 

f^ound  is  heated  in  a  tube  of  hard  glass,  with  an  excess  of  soda 
ime,  precisely  in  the  same  manner  and  with  the  same  precautions 
as  are  observed  in  the  analysis  of  ammoniacal  salts  (see  page 
273).  The  open  end  of  the  combustion  tube  is  drawn  out,  and 
bent  at  a  somewhat  obtuse  angle,  in  order  that  it  may  be  in- 
serted into  a  flask  containing  water,  into  which  the  mercury  is 
received ;  when  the  analysis  is  over,  the  fluid  metal  is  collected 
into  one  large  globule,  by  agitating  the  flask,  it  is  then  decanted 
into  a  porcelain  capsule,  and  the  adhering  water  having  been 
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j^eiQored  by  blotting-paper,  it  is  dried  in  vactto  over  sulphuric 
acid,  without  the  application  of  heat. 

BoBe  recommends  to  introduce  into  the  combustion  tube, 
first  a  column  of  bicarbonate  of  soda,  then  one  of  quicklime, 
and  then  a  well-blended  mixture  of  the  mercurial  salt  and  quick- 
lime, and  finally  a  column  of  quicklime;  the  tube  is  to  be 
heated  first  at  the  open  end,  finishing  with  the  bicarbonate 
of  soda.  When  the  operation  is  ended,  the  bent  end  of  the 
tube  is  cut,  the  mercury,  collected  in  a  fiask,  dried  with  paper 
and  afterwards  over  sulphuric  acid.  Combinations  containing 
iodide  of  mercury  are  not  entirely  decomposed  when  heated  in 
this  way,  subiodide  being  condensed  in  the  extremity  of  the  tube 
simultaneously  with  the  metallic  mercury.  To  analyse  these 
combinations  recourse  must  be  had  to  metallic  copper,  the  ope- 
ration being  similar  to  that  with  quicklime. 

In  their  experiments  for  determining  the  atomic  weight  of 
mercury,  Erdmann  and  Marchand  adopted  the  following  some- 
what complicated  method  of  reducing  the  oxide,  their  object 
being  the  attainment  of  the  greatest  accuracy  (Journ.  fiir 
Fraktische  Ohemie,  xxxi.  p.  885).  A  combustion  tube  about 
3  feet  long  was  drawn  out  in  front  to  an  open  point,  from 
0  to  10  inches  in  length,  and  curved  downwards.  A  loose 
stopper  of  copper  shavings,  which  had  been  first  oxidized  by 
heating  them  while  exposed  to  the  air,  and  then  reduced  in  a 
current  of  hydrogen,  was  introduced  through  the  other  end, 
and  thrust  forward  near  the  point.  This  copper  was  followed 
by  a  stratum  6  to  6  inches  in  length,  of  small  fragments  of 
strongly  ignited  sugar-charcoal,  from  which  every  trace  of  dust 
had  been  carefully  removed  by  sifbing,  and  then  the  oxide 
(which  had  previously  been  strongly  ignited  in  a  current  of 
air  so  as  to  remove  every  trace  of  mercurial  vapour)  was  intro- 
duced. To  advance  to  the  front  every  trace  of  oxide  which 
might  have  remained  adherent  to  the  hinder  portions  of  the 
tube,  it  was  finally  rinsed  with  pulverulent  copper :  the  tube, 
thus  arranged,  was  treated  precisely  in  the  same  manner  as  in 
organic  analysis,  and  then  placed  in  a  long  furnace.  To  the 
binder  extremities,  a  broad  tube,  filled  with  chloride  of  cal- 
cium, was  fixed  by  means  of  a  caoutchouc  tube ;  to  this  was 
applied  a  Liebig  potassa  apparatus,  filled  with  sulphuric  acid^ 
and  at  last  a  large  gasometer  filled  with  carbonic  acid.  The 
point  in  front  of  the  tube  was  connected  by  a  caoutchouc 
tube  with  a  weighed  recipient,  destined  to  receive  the  mer- 
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cury,  and  in  the  arm  proceeding  from  the  last  bulb  of  the 
latter,  there  was  placed  some  gold  leaf,  to  retain  any  trace  of 
mercurial  vapour  which  had  not  been  condensed  in  the  bulb. 
A  gentle  stream  of  the  dry  carbonic  acid  gas  was  first  allowed 
to  pass  from  the  gasometer  through  the  apparatus,  the  tube 
was  then  immediately  surrounded  with  incandescent  charcoal, 
proceeding  from  the  front  towards  the  hinder  part,  in  the  same 
manner  as  in  an  organic  analysis.  The  carbon  in  the  anteriot 
portion  of  the  tube  is  seen  to  bum  at  the  expense  of  the  libe- 
rated oxjgen,  and  the  mercury,  which  distils  over  in  the  cur- 
rent of  carbonic  acid,  collects  perfectly  bright  in  the  recipient. 
On  the  combustion  of  the  charcoal,  some  water  is  formed, 
which  passes  over  along  with  the  rpercury.  This  water  is  en* 
tirely  removed,  as  well  as  the  carbonic  acid  contained  in  the 
apparatus,  by  a  current  of  atmospheric  air  at  the  close  of  the 
operation.  By  this  mode  of  analysis  these  chemists  obtained 
from  four  experiments  the  following  numbers : — 92594, 92*596, 
92*598,  and  92*596,  the  mean  of  which,  92*596,  gives  as  the 
equivalent  number  of  mercury  the  figure  100*07. 

A  modification  of  this  process,  consisting  in  the  employ- 
ment of  a  current  of  hydrogen  gas  to  assist  in  the  reduction  of 
the  mercurial  compound,  was  adopted  by  M.  Millon  (Ann.  de 
Chim.,  1846). 

Hydrogen  gas,  he  observes,  is  more  easily  obtained  in  a 
regular  current  than  most  other  gases,  and  it  greatly  facilitates 
the  decomposition  of  all  mercurial  compounds  :  it  favours  the 
expulsion  of  the  water  which  accompanies  the  reduction,  and 
likewise  the  condensation  of  the  mercury  in  the  expansion  of 
the  tube  in  which  it  is  to  be  collected  and  weighed.  The  pro- 
cess is  conducted  as  follows : — The  dry  gas  is  passed  through 
a  tube  containing  copper  turnings  heated  to  redness, — a  plan 
which  was  found  the  most  efficacious  for  preserving  tlie  perfect 
metallic  lustre  of  the  mercury,  wiiile  it  also  ensured  the  purifi- 
cation of  the  hydrogen.  On  leaving  the  tube  with  the  copper 
turnings,  the  gas  enters  the  tube  containing  the  mercurial 
salt.  This  tube  should  be  from  14  to  16  inches  long,  and 
of  the  diameter  of  an  ordinary  tube  for  organic  analysis.  At 
a  small  distance  from  its  free  extremity,  it  is  contracted,  and 
then  again  contracted  and  drawn  out  at  the  point,  and  curved 
upwards :  it  thus  presents  a  space  of  from  3  to  4  inches  be- 
tween the  two  contractions. 

A  little  asbestos  is  first  placed  in  the  tube  next  the  first 
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contracted  part ;  then  caustic  lime  in  small  fragments,  to  the 
extent  of  from  6  to  8  inches  :  the  mercurial  compound  is  next 
introduced,  the  quantity  of  which  may  vary  from  16*6  to  62 
grains,  and  then  the  tube  is  filled  with  caustic  lime  similar  to 
the  other.  The  tube  is  now  placed  in  the  furnace  used  for 
organic  analysis :  it  receives  the  current  of  hydrogen  at  its 
wider  and  uncontracted  extremity,  and  heat  is  applied  in  the 
usual  manner.  The  ignited  charcoal  is  gradually  approached 
to  the  part  of  the  tube  containing  the  mercurinl  compound, 
and  then  a  few  pieces  are  placed  behind  it,  to  prevent  the  con- 
densation of  the  metal  there.  The  water  is  first  seen  in  the  por- 
tion of  the  tube  between  the  contractions :  it  is  dissipated  by 
gently  heating  it.  This  part  of  the  tube  is  then  allowed  to 
cool,  and  the  mercury  now  makes  its  appearance,  condensing 
in  its  turn  without  any  difficulty.  At  the  end  of  the  operation 
the  part  of  the  tube  containing  the  mercury  is  separated  by 
slightly  moistening  the  heated  tube ;  the  portion  of  the  tube 
is  weighed  with  the  mercury  it  contains ;  the  metal  is  poured 
out,  the  tube  is  rinsed  out  by  nitric  acid ;  it  is  then  washed, 
dried,  and  weighed  again.  The  difference  between  the  two 
weights  gives  the  weight  of  the  mercury.  The  author  states 
that  by  this  mode  of  operating  he  has  been  able  to  drive  45 
to  60  grains  of  mercury  from  one  extremity  of  the  tube  to  the 
other,  condensing  it  between  the  contracted  parts  without  the 
smallest  loss.  Two  analyses  of  chloride  of  mercury  yielded 
73*87  and  73*82  per  cent,  of  mercury,  figures  which  give  as 
the  atomic  weight  of  mercurv  100*07,  the  same  as  that  ob- 
tained by  Erdmann  and  Marchand. 

(2.)  Seduction  in  the  wet  way. — The  reducing  agents  are  pro- 
tochloride  of  tin  and  phosphorous  acid.  The  process  with  the 
former  is  conducted  as  follows: — The  mercurial  compound, 
if  a  solid,  is  digested  with  strong  hydrochloric  acid  ;  a  concen- 
trated solution  of  protochloride  of  tin,  which  has  been  ren- 
dered perfectly  clear  by  the  addition  of  a  few  drops  of  hy- 
drochloric acid,  is  then  added.  The  whole  is  boiled,  but  only 
for  a  few  minutes,  to  avoid  the  risk  of  the  volatilization  of  a 
portion  of  the  mercury  in  company  with  the  aqueous  vapours. 
On  cooling,  the  mercury  is  usually  found  deposited  in  the 
form  of  a  black  precipitate ;  the  supernatant  fluid  is  removed 
by  a  siphon,  and  the  precipitate  is  boiled  with  hydrochloric 
acid,  on  which  it  generally  loses  its  pulverulent  appearance, 
and  becomes  converted  into  running  globules.     It  is  washed, 
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first  with  yerj  dilute  hydrochloric  acid,  and  finally  with  disr 
tiiled  water ;  it  is  then  received  into  a  porcelain  crucible,  dried, 
first  with  bibulous  paper,  and  lastly  over  sulphuric  acid,  in 
the  manner  already  directed.  When  mercury  has  to  be  esti- 
mated in  a  liquid  containing  nitric  acid,  it  is  necessary  to  de- 
stroy this  acid  before  a  correct  determination  can  be  made : 
this  is  done  by  adding  hydrochloric  acid  gradually  to  the  so- 
lution, and  concentrating  by  evaporation.  The  nitric  acid  is 
thus  destroyed,  free  chlorine  being  at  the  same  time  disen- 
gaged, and  the  addition  of  the  hydrochloric  acid  must  be  con- 
tinued as  long  as  the  odour  of  chlorine  is  perceptible ;  pro- 
tochloride  of  tin  is  then  added,  and  the  remainder  of  the  ope- 
ration is  conducted  in  the  manner  already  described.  It  is 
very  difficult  to  obtain  correct  results  wheu  the  solution  con- 
tains much  nitric  acid.  Whenever  it  is  admissible,  therefore, 
it  is  advisable  to  precipitate  the  mercury  as  sulphide,  by  sul- 

Ehuretted  hydrogen,  or  colourless    sulphide   of  ammonium, 
aving  previously  nearly  neutralized  the  solution  with  potassa, 
and  mixed  it  with  excess  of  cyanide  of  potassium. 

When  phosphorous  acid  is  employed^  the  mercury  is  precipi- 
tated as  subchloride.  When  the  liquid  contains  free  hydro- 
chloric acid,  the  temperature  may  be  raised  to  140°  without  the 
subchloride  being  reduced  to  the  metallic  state.  The  precipi- 
tated subchloride  is  not  immediately  formed  in  very  weak 
liquids ;  it  is  necessary  to  leave  the  mixture  undisturbed  for 
twelve  hours.  The  subchloride  deposits  itself  readily,  espe- 
cially when  the  liquid  is  sufficiently  acid.  The  precipitate  is 
collected  on  a  filter,  washed  with  hot  water,  and  dried  at 
212°.  This  process  is,  according  to  Hose,  very  applicable  te 
cases  where  tne  liquid  contains  much  nitric  acid,  only  then  the 
solution  must  be  diluted  with  a  sufficient  quantity  of  water. 
Mercury  can,  according  to  the  same  authority,  be  easily  se- 
parated by  hydrochloric  and  phosphorous  acids,  from  coppery 
cadmium,  zinc^  and  even  from  bismuth^  antimony,  and  arsenic. 
When  the  liquid  contains  bismuth,  a  large  excess  of  hydro- 
chloric acid  must  be  added,  to  prevent  the  precipitation  of 
oxychloride  of  bismuth.  The  mercury  being  separated  in  the 
state  of  subchloride,  the  bismuth  is  precipitated  in  the  filtered 
liquid  as  oxychloride,  then  reduced  to  the  metallic  state  by 
fusion  with  cyanide  of  potassium.  If  the  liquid  contain  anti- 
mony, this  metal  must  be  retained  in  solution  by  tartaric  acid, 
which  does  not  hinder  the  precipitation  of  the  mercurial 
chloride. 
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The  eompositioQ  of  subchloride  of  meroarj  is — 

Two  equivalentB  of  Hg    .     .     .     .     2000     .     .     84-92 
One       ditto       of  CI     ...     .      85*5     .     .     1508 

One       ditto      of  HgaCl    .     .     .     2355     .     .  10000 

E9timat%an  as  Sulphide, — ^A  stream  of  washed  sulphuretted 
hydrogen  is  transmitted  through  the  acid  solution  of  the  salt ; 
in  solutions  of  the  suboxide,  the  precipitate  formed  is  black 
at  once ;  but,  when  a  compound  of  oxide  of  mercury  is  under 
examination,  in  the  beginning  of  the  experiment  whit^coloured 
compounds  of  mercurial  salts,  with  sulphide  of  mercury,  are 
produced ;  the  addition  of  larger  quantities  of  the  gas  causes 
the  precipitate  to  assume  various  colours,  but  it  ends  in  be- 
coming pure  black.  If  the  whole  of  the  mercury  exist  in  the 
original  solution  as  oxide ^  it  may  be  determined  in  the  state  of 
sulphide ;  with  which  view,  the  precipitate,  occasioned  by  sul- 
phuretted hydrogen,  is  received  on  a  weighed  filter,  quickly 
washed  with  cold  water,  dried  at  212°,  and  weighed ;  but  if  the 
mercury,  or  any  portion  of  it,  existed  as  suboxidey  it  is  inadmis- 
sible to  estimate  it  as  subsulphide,  because  it  is  liable  to  be 
partly  decomposed,  even  by  a  gentle  heat,  into  sulphide  of  mer- 
cury and  metallic  mercury ;  and  as  the  latter  may  be  partly  vo- 
latilized by  a  very  gentle  heat,  an  error  of  greater  or  less  amount 
would  be  introduced  (Eose).  The  sulphide  containing  a  mini- 
mum of  sulpliur  must  therefore  undergo  further  treatment 
as  follows : — It  is  collected  on  a  filter,  and  transferred,  filter 
and  all,  into  a  wide-mouthed  flask,  capable  of  being  closed  by 
a  glass  stopper.  A  small  quantity  of  dilute  hydrochloric  acid  is 
then  poured  into  the  flask,  and  a  slow  current  of  chlorine  con- 
ducted into  the  solution ;  the  sulphide  is  hereby  decomposed 
into  chloride,  sulphuric  acid,  and  Jree  sulphur  ;  as  soon  as  the 
latter  is  observed  to  have  a  clear  yellow  colour,  the  stream 
of  chlorine  is  stopped,  and  the  flask  is  exposed  to  a  gentle 
heat  to  expel  the  free  chlorine ;  it  is  then  filtered  off  from  the 
sulphur,  and  the  mercury  in  the  filtrate  is  estimated  by  pro- 
tochloride  of  tin. 

If  the  purity  of  the  sulphide  of  mercury  is  questionable, 
Boae  directs  it  to  be  redissolved  and  operated  on  as  follows  : — 
To  the  washed  precipitate  add  a  weak  solution  of  caustic  po- 
tassa,  and  pass  a  current  of  chlorine  through  the  liquid ;  the 
sulphide  is  soon  dissolved,  especially  if  gently  warmed ;  under 
these  conditions  powdered  cinnabar  also  dissolves.     The  mer- 
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curj  is  entirely  precipitated  bj  sulphide  of  atninonium  in  a 
neutral  or  ammoniacal  solution,  without  an  excess  of  the  reagent 
dissolving  the  precipitate  which  forms,  but  this  is  not  the  case 
when  the  liquid  contains  free  potassa  or  soda,  or  the  carbonates 
of  these  bases ;  here  the  alkali  must  be  supersaturated  with 
hydrochloric  acid  before  precipitating  the  mercury.  If  the 
precipitated  sulphide  of  mercury  contain  sulphur,  it  may  be 
removed  by  treating  it  with  a  moderately  concentrated  hot 
solution  of  sulphite  of  soda,  which  dissolves  the  sulphur  and  be- 
comes converted  into  hyposulphite. 

The  composition  of  sulphide  of  mercury  is — 

One  equivalent  of  Hg .     .     .     .     1000   .     .     86*20 
One       ditto      of  S      ....       16      .     .  _13-80 

One       ditto      ofHgS     .     .     .     1160.     .100  00 

Separation  of  Oxides  of  Mercury  from  Oxide  of  Lead : — 
(1.)  By  Sulphuretted  Hydrogen  gas, — The  two  metals  are 
first  precipitated  together  as  sulphides  from  a  diluted  solution  ; 
the  mixed  sulphides  are  dried,  and  introduced  into  a  bulb  blown 
in  a  tube  of  hard  glass,  the  weight  of  which,  before  and  after 
the  introduction  of  the  sulphides,  is  accurately  taken.  The 
tube  is  connected  with  an  apparatus  for  generating  chlorine, 
and  a  stream  of  the  gas,  dried  by  passing  through  a  tube  filled 
with  chloride  of  calcium,  is  sent  through  the  tube.  When  the 
whole  apparatus  is  (illed  with  chlorine,  the  bulb  containing  the 
sulphides  is  gently  heated,  upon  which  the  chloride  of  mercury 
volatilizes,  and  is  completely  separated  from  the  chloride  of 
le;id.  The  sublimed  chloride  of  mercury  is  driven  forward  by 
the  flame  of  a  small  spirit-lamp,  and  received  in  a  vessel  con- 
taining water.  As  soon  as  all  appearance  of  sublimation  oeaaes, 
the  tube  leading  from  the  bulb  to  the  receiver  is  cut  ofi*  vnth  a 
file,  and  any  crystals  which  may  have  collected  in  it  are  washed 
into  the  flask.  The  chloride  of  mercury  dissolved  in  the  re- 
ceiver is  precipitated  by  protochloride  of  tin,  and  the  chloride 
of  lead  remaining  in  the  bulb  is  determined  by  first  weighing 
it  together  with  the  bulb,  and  then  dissolving  it  out  and  weigh- 
ing the  bulb  alone. 

(2.)  By  Cyanide  of  Potassium. — This  method,  which  is  far 
more  simple  and  easy  of  execution  than  the  one  just  described, 
is  conducted  as  follows : — The  diluted  solution  of  the  two  oxides 
is  mixed  with  carbonate  of  soda,  and  then  heated  with  excess 
of  cyanide  of  potassium ;  the  whole  of  the  lead  is  precipitated 
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in  the  state  of  carbonate,  while  the  mercury  remains  in  solu- 
tion in  the  form  of  double  cjanide  of  mercury  and  potassium. 
The  solution  is  filtered  off  from  the  insoluble  lead  salt,  and  pre- 
cipitated by  sulphuretted  hydrogen. 

(3.)  By  Hydrochloric  Acid, — All  the  mercury  present  in  the 
compound  must  be  in  the  form  of  oxide.  The  dry  mixture  is 
treated  with  hydrochloric  acid,  and  evaporated  to  dryness  at  a 
gentle  heat.  Alcohol,  mixed  with  ether,  is  added  to  the  residue, 
and  the  whole  is  dis^ested :  chloride  of  mercury  alone  dissolves, 
the  insoluble  chloride  of  lead  is  received  on  a  filter,  washed 
with  alcohol,  dried,  and  weighed.  The  alcoholic  solution  of 
chloride  of  mercury  is  evaporated  to  expel  the  alcohol  and  ether, 
and  the  mercury  is  then  precipitated  by  protochloride  of  tin. 

(4.)  By  Sulphuric  acid. — Add  sulphuric  acid,  and  then  al- 
cohol forming  about  one-sixth  of  the  volume  of  the  liquid ;  if 
this  does  not  contain  sufficient  hydrochloric  acid,  and  if  the 
proportion  of  sulphuric  acid  be  insufficient,  yellow  subsulphnte 
of  mercury  may  be  precipitated,  which  is  avoided  by  the  addi- 
tion of  sulphuric  acid.  The  sulphate  of  lead  requires  washing 
with  weak  alcohol  acidulated  with  sulphuric  acid. 

Separation  of  Oxide  of  Mercury  from  Oxide  of  Silver  : — 

(1.)  By  Hydrochloric  acid. — Add  a  sufficient  quantity  of 
hydrochloric  acid  to  the  diluted  solution  ;  after  the  deposition 
of  chloride  of  silver,  decant  the  supernatant  liquid,  then  heat 
the  chloride  precipitate  with  a  small  quantity  of  nitric  acid,  add 
some  water,  and  a  few  drops  of  hydrochloric  acid,  and  then  filter. 
Precipitate  the  mercury  from  the  filtered  liquid  by  phosphorous 
acid  (Rose). 

(2.)  By  Cyanide  of  Potassium, — The  solution  is  nearly  neu- 
tralized with  potassa ;  excess  of  cyanide  of  potassium  is  then 
added,  by  which  the  precipitate  which  first  forms  is  entirely  re- 
dissolved,  and  the  solution  contains  the  double  cyanides  of  silver 
and  potassium,  and  of  mercury  and  potassium.  On  adding 
nitric  acid,  the  cyanide  of  potassium  is  decomposed,  the  silver 
is  precipitated  in  the  form  of  cyanide  of  silver,  while  the  cyanide 
of  mercury  remains  in  solution ;  the  former  is  separated  by 
filtration,  and  from  the  filtrate,  the  mercury  is  precipitated  by 
sulphuretted  hydrogen. 

(3.)  By  Chlorine. — This  is  efibcted  precisely  iii  the  same 
manner  and  with  the  same  apparatus  as  is  employed  in  the 
separation  of  oxide  of  mercury  from  oxide  of  lead;  chloride  of 
silver  remains  in  the  bulb,  in  which  it  is  weighed,  the  bent  tube, 
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through  which  the  volatilized  chloride  of  mercury  makes  its 
escape  into  the  receiver  having  been  cut  off.  The  fused  chloride 
of  silver  must,  after  weighing,  be  removed  from  the  bulb  by 
zinc  and  sulphuric  acid,  in  order  that  the  weight  of  the  latter 
may  be  taken. 

Separation  of  Suboxide  of  Mercury  from  Oxide  of  Mercury, 
— The  solution  is  diluted  considerably  with  water,  and  the  sub- 
oxide is  precipitated  as  subchloride  by  hydrochloric  acid  :  heat 
must  be  avoided.  The  subchloride,  after  standing  for  some 
time,  is  received  on  a  weighed  filter,  and  dried  at  a  gentle  bear. 
The  oxide  of  mercury  in  the  filtrate  is  precipitated  by  proto- 
chloride  of  tin.  If  the  substance  be  a  solid  and  insoluble,  it  is 
acted  upon  at  a  low  temperature,  with  diluted  nitric  acid,  until  it 
is  completely  dissolved^;  hydrochloric  acid  is  then  added  as  before. 

Analysis  ofamalyams. — If  the  metal  or  metals  with  which 
the  mercury  is  combined  are  not  volatile,  or  oxidizable  by  heat 
with  access  of  air,  the  amount  of  mercury  in  the  amalgam  may  be 
ascertained  in  the  simplest  manner  by  igniting  it  in  a  porcelain 
crucible.  If,  however,  the  metals  are  liable  to  alteration  by 
exposure  to  heat  in  an  open  vessel,  the  ignition  must  be  per- 
formed in  a  retort,  the  neck  of  which,  after  the  volatilization  of 
the  mercury,  must  be  closed  up  by  the  blowpipe,  while  the  re- 
tort is  still  ignited. 

176.  Btbmuth. 

This  metal  is  almost  invariably  weighed  as  oxide;  it  is  pre- 
cipitated from  its  solution  in  nitric  acid  by  carbonate  of  am- 
monia ;  the  solution  should  be  diluted,  and  it  should  be  heated 
nearly  to  boiling  for  a  few  minutes  before  it  is  filtered,  other- 
wise a  portion  of  the  oxide  will  be  retained  in  solution  by  the 
precipitant.  Neither  carbonate  of  potassa  nor  carbonate  of 
soda  can  be  substituted  for  carbonate  of  ammonia;  a  portion 
of  the  former  is  carried  down  with  the  precipitate,  ana  is  not 
easily  removed  by  subsequent  wnshing,  and  the  latter  fails  to 
effect  a  perfect  precipitation.  The  carbonate  of  bismuth,  hav- 
ing been  washed,  is  separated  from  the  filter,  and  ignited  in  a 
porcelain  crucible,  by  which  it  loses  carbonic  acid,  and  becomes 
converted  into  protoxide  of  a  yellow  colour.  The  filter  is  burnt 
on  the  cover  of  the  crucible,  and  its  ashes  added  to  the  oxide. 

The  composition  of  teroiide  of  bismuth  is — 

One  equivalent  of  Bi    .     .     .     .     210     .     .       89-74i 
Three    ditto      of  O     .     .     .     .      24     .     .       1026 


One       ditto      of  BiOo     ...     234     .     •     10000 


's 
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In  the  presence  of  sulpburic  or  hydrochloric  acids,  bismuth 
cannot  be  effectually  precipitated  by  carbonate  of  ammonia,  as 
in  the  former  case  a  basic  sulphate,  and  in  the  latter  a  basic 
chloride,  is  at  the  same  time  precipitated,  and  neither  of  these 
salts  can  be  subsequently  decomposed  even  by  protracted  di- 
gestion with  excess  of  carbonate  of  ammonia.  In  such  cases  it 
is  necessary,  in  the  iirst  place,  to  mix  the  solution  of  the  bis- 
muth salt  with  acetic  acid  (water  will  not  do,  as  it  would  cause 
the  formation  of  an  insoluble  basic  salt),  and  then  to  precipi- 
tate the  bismuth  in  the  form  of  sulphide  by  sulphuretted  hy- 
drogen, or  by  sulphide  of  ammonium,  naving  previously  rendered 
the  solution  alkaline  by  the  addition  of  caustic  ammonia.  The 
precipitated  sulphide,  having  been  washed,  is  decomposed  by 
digesting  it,  filter  and  all,  with  nitric  acid ;  the  solution  is  di- 
luted with  weak  acetic  acid,  filtered,  the  filter  washed  with  the 
same  diluted  acid,  and  the  filtrate  finally  precipitated  by  car- 
bonate of  ammonia. 

Separation  of  Oxide  of  Bismuth  from  Oxides  of  Lead: — 

(I.)  By  Sulphuric  Acid, — An  excess  of  sulphuric  acid  is  added 
to  the  solution  containing  the  two  oxides,  and  heat  is  applied 
till  the  sulphuric  acid  begins  to  volatilize:  it  is  then  quickly 
filtered,  and  the  sulphate  of  lead  is  washed  with  water  acidu- 
lated with  sulphuric  acid.  The  sulphate  ot  bismuth  in  the 
filtrate  is  precipitated  by  carbonate  of  ammonia.  The  results 
are  not  very  accurate,  since  sulphate  of  lead  is  not  altogether 
insoluble  even  in  dilute  sulphuric  acid.  A  better  plan  is  the 
following: — The  solution  of  the  two  oxides  in  nitric  acid  is 
evaporated  to  dryness  in  a  porcelain  capsule  on  the  water-bath  : 
the  dry  residue  is  taken  up  by  distilled  water,  and  again  eva- 
porated, when  all  free  nitric  acid  is  expelled,  and  the  residue  of 
bismuth  is  completely  converted  into  a  basic  salt ;  the  capsule 
is  allowed  to  cool  with  its  contents,  which  are  then  treated 
with  a  cold  aqueous  solution  of  nitrate  of  ammonia  of  known 
strength.  The  solution  is  left  for  some  time  in  contact  with 
the  solid  residue,  in  order  that  the  soluble  nitrate  of  lead  may 
be  completely  taken  up  by  it.  The  solution  of  nitrate  of  lead 
is  filtered  off,  and  the  insoluble  basic  nitrate  of  bismuth  which 
remains,  is  washed  with  the  solution  of  nitrate  of  ammonia. 
The  oxide  of  lead  may  be  precipitated  as  sulphate.  The  wash- 
ing must  not  be  continued  too  long.  (Lowe.) 

(2.)  Ullffren' 8 process. — The  two  oxides  are  together  precipi- 
tated with  carbonate  of  ammonia,  and  redissolved  in  acetic 
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acid.  A  strip  of  clean  lead,  of  known  weight,  is  then  put  into 
the  solution,  so  that  the  whole  of  it  is  covered.  The  vessel  is 
closed,  and  allowed  to  stand  for  some  hours.  The  bismuth  is 
separated  in  the  metallic  state,  and  that  which  remains  on  the 
strip  of  lead  is  washed  off,  and  the  strip  dried  and  weighed.  It  is 
brought  on  to  a  filter,  and  washed  with  water  that  has  been  boiled 
and  allowed  to  cool ;  it  is  then  dissolved  in  nitric  acid,  evapo- 
rated to  dryness,  ignited,  and  the  oxide  weighed.  The  solution 
of  lead  is  precipitated  with  carbonate  of  ammonia,  and  the 
weight  of  the  oxide  determined  from  this,  is  to  be  deducted, 
the  oxide  corresponding  to  the  loss  which  the  strip  of  lead  has 
suffered  during  the  operation. 

(3.)  J%  Heat. — The  process  is  the  same  as  that  employed  for 
the  separation  of  silver  from  mercury,  and  lead  from  mercury^ 
namely,  by  converting  the  metals  into  chlorides  by  heating  them 
in  an  atmosphere  of  chlorine,  and  expelling  the  volatile  chlo- 
ride of  bismuth  by  heat.  Too  high  a  temperature  must  be 
avoided,  otherwise  a  portion  of  the  chloride  of  lead  may  be 
also  volatilized.  The  proportion  of  bismuth  may  be  calculated 
from  the  loss  of  weight  which  the  compound  under  examina- 
tion experiences. 

(4.)  Liehys  method, — To  a  cold  solution  of  the  nitrates  of  the 
two  oxides  carbonate  of  lime  is  added,  which  precipitates  the 
bismuth,  but  not  the  lead. 

{J},)  By  Caustic  Fotassa. — To  the  nitric  solution  caustic 
potassa  is  added ;  both  oxides  are  precipitated ;  but  on  adding 
excess  of  the  caustic  alkali  the  oxide  of  lead  is  redissolved. 

Separation  of  Oxide  of  Bismuth  fram  Oxide  of  Silver : — 

(i.)  By  Hydrochloric  Acid.— l^itrio  acid  is  added  to  the  so- 
lution, and  then  hydrochloric  acid,  which  precipitates  the 
silver  as  chloride.  The  bismuth  in  the  filtrate  is  precipitated 
by  sulphuretted  hydrogen,  tfie  sulphide  decomposed  by  nitric 
acid,  and  finally  precipitated  by  carbonate  of  ammonia. 

(2.)  By  Cyanide  of  Potassium, — This  reagent  is  added  to  the 
solution  of  the  two  oxides,  whereupon  the  bismuth  is  precipi- 
tated as  carbonate ;  the  silver  remains  in  solution  as  double 
cyanide  of  silver  and  potassium ;  it  is  separated  by  filtration 
from  the  carbonate  of  bismuth. 

177.  Cadmiitm. 

This  metal  may  be  quantitatively  estimated  as  oxide  or  as 
sulphide. 
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UsHmation  (u  Oxide. — The  solution  under  examination  is 
precipitated  by  carbonate  of  potassa,  and  the  resulting  white 
carbonate  of  cadmium  is  decomposed  by  ignition  into  carbonic 
acid  and  water,  which  escape,  and  oxide  of  cadmium,  which  re- 
mains behind  in  the  form  of  a  brown  powder.  Ammoniacal 
salts  interfere  with  the  complete  precipitation  of  oxide  of 
cadmium  by  alkaline  carbonates ;  carbonate  of  ammonia  can- 
not, therefore,  be  employed  as  the  precipitant.  In  precipi- 
tating oxide  of  cadmium  by  carbonate  of  potassa  in  the  pre- 
sence of  ammoniacal  salts,  the  same  precautions  must  be  taken 
as  in  the  precipitation  of  carbonate  of  zinc  under  similar  cir- 
cumstances. 

The  composition  of  oxide  of  cadmium  is — 

One  equivalent  of  Cd       .     .     .     56     .    .    87*5 
One      ditto      of O    .     .     .     .    _8^    .     .     125 

One      ditto      of  CdO    .     .     .    64    .     .  1000 

Precipitation  as  Sulphide. — This  may  be  effected  either  by 
sulphuretted  hydrogen  or  by  sulphide  of  ammonium ;  in  acid 
solutions  the  former  reagent  is  employed.  It  should  be  largely 
diluted,  and  the  gas  allowed  to  pass  slowly  through  the  liquid 
for  a  long  time ;  the  resulting  sulphide  is  of  a  yellow  or  orange 
colour,  according  as  the  solution  has  been  more  or  less  di- 
luted. It  is  collected  on  a  weighed  filter,  washed  with  dis- 
tilled water,  and  dried  at  212''. 

The  composition  of  sulphide  of  cadmium  is — 

One  equivalent  of  Cd       .     .     .     56     .     .     77*78 
One       ditto      ofS     .     .     .     .     16     .     .     22*22 

One       ditto     of  CdS    .     .     .     72     .     .  10000 

When  sulphide  of  ammonium  is  employed  as  the  precipitant, 
the  sulphide  of  cadmium  should  be  decomposed  by  digestion  with 
hydrochloric  acid,  and  the  solution  precipitated  with  carbonate 
of  potaM<a.  It  has  been  observed  by  Dr.  Keinsch  (Jahrb.  fur 
Prakt.  Phar.,  xiii.  p.  72)  that  when*  a  salt  of  cadmium  is  dis- 
solved in  hydrochloric  acid,  and  then  treated  with  sulphuretted 
hydrogen,  no  precipitate  takes  place  till  after  the  gas  has  been 
passed  througn  the  solution  for  a  long  time,  and  that  then  the 
precipitate  it^  a  combination  of  sulphide  of  cadmium  with 
chloride.  On  edulcorating  with  water,  the  chloride  is  dissolved, 
and  the  yellow  sulphide  is  left  on  the  filter.  This  observation 
shows  tiie  necessity  of  diluting  the  solution  before  passing  the 
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gas  through  it.  He  has  observed,  also,  that  in  precipitating  a 
hydrochloric  solution  containing  copper,  lead,  bismuth,  and 
cadmium  by  sulphuretted  hydrogen,  the  three  former  metals 
are  completely  thrown  down  before  the  chloride  of  cadmium  is 
dt  all  decomposed  ;  the  filtered  liquor  gives  no  traces  of  either 
of  the  three  first  metals,  but  on  continuing  to  pass  the  gas 
slowly  through  it  for  a  long  time,  the  cadmium  is  precipitated 
of  its  characteristic  yellow  colour. 

Separation  of  Oxide  of  Cadmium  firom  Oxides  of  Lead: — 

(1.)  Bif  Cyamde  of  Potassium. — The  diluted  solution  of  the 
oxides  is  first  rendered  slightly  alkaline  by  carbonate  of  soda ; 
cyanide  of  potassium  is  then  added,  and  heat  applied.  The 
lead  is  precipitated  as  carbonate,  the  cadmium  remains  in  so- 
lution as  double  cyanide  of  cadmium  and  potassium,  and  may 
be  precipitated  from  the  filtered  solution  by  sulphuretted  hy- 
drogen. 

(2.)  By  Sulphurie  -4ctti.— The  solution  is  concentrated,  and 
excess  of  dilute  sulphuric  acid  added ;  sulphate  of  lead  preci- 
pitates, which  is  received  on  a  filter  and  washed,  first  with 
dilute  sulphuric  acid,  and  finally  with  alcohol ;  the  cadmium  in 
the  filtrate  is  precipitated  by  carbonate  of  potassa ;  the  former 
method  with  cyanide  of  potassium  gives  the  best  results,  in 
consequence  of  the  partial  solubility  of  sulphate  o^  lead,  even 
in  dilute  sulphuric  acid. 

Separation  of  Oxide  of  Cadmium  from  Oxide  of  Silver : — 

(1).  By  Hydrochloric  Aeid. — To  the  diluted  solution,  nitric 
acid  is  added,  and  then  slight  excess  of  hydrochloric  acid,  the 
liquor  filtered  from  the  precipitated  chloride  of  silver  contains 
the  cadmium,  which  is  precipitated  by  carbonate  of  potassa. 

(2.)  By  Cyanide  of  Potassium. — The  nitric  solution  of  the  two 
metals  is  rendered  neutral  by  the  addition  of  potassa ;  cyanide 
of  potassium  is  then  added  in  such  quantity  that  the  precipi- 
tate, which  is  at  first  formed,  is  entirely  redissolved.  To  the 
clear  solution,  excess  of  nitric  acid  is  next  added,  whereupon 
the  whole  of  the  silver  is  precipitated  as  cyanide :  the  cad- 
mium remains  in  solution,  and  may  either  be  precipitated  by 
sulphide  of  ammonium,  the  liquid  having  been  previously 
rendered  slightly  alkaline  by  the  addition  of  potassa ;  or  the  hy* 
drocyanic  acid  may  be  expelled  by  evaporating  with  sulphuric 
aeid,  and  the  cadmium  precipitated  as  carbonate  by  carbonte 
of  potassa. 

Separation  of  Oxide  of  Cadmium  from  Oxide  of  Mercury, -^ 
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This  ma  J  be  effected  hjformiaie  of  soda,  but  the  process  is 
tedious,  and  requires  considerable  care.  Hydrochloric  acid  is 
added  to  the  solution,  which  is  then  nearlr  saturated  with  po- 
tassa;  excess  of  formiate  of  soda  is  then  added,  and  the  solution 
it  set  aside  for  some  days  at  a  temperature  not  above  170^. 
The  mercury  precipitates  in  the  form  of  calomel ;  the  solution 
filtered  from  the  subchloride  of  mercury  contains  the  cadmium, 
which  is  then  precipitated  by  carhonate  of  potassa.  Cyanide 
of  potassium  may  also  be  employed  to  separate  these  two 
oxides  in  the  following  manner : — The  clear  solution  is  ren- 
dered neutral  by  potassa,  and  excess  of  cyanide  of  potas- 
sium is  then  added.  To  the  solution  of  the  two  cyanides  very 
dilute  nitric  acid  is  added,  and  the  whole  is  boiled ;  the  mer- 
cury salt  is  not  decomposed :  the  cyanide  of  cadmium,  on  the 
other  hand,  is  converted  into  nitrate,  and  may,  consequently, 
be  decomposed  by  carbonate  of  potassa  :  the  filtrate,  from  the 
carbonate  of  cadmium,  containing  the  oxide  of  mercury,  may 
be  precipitated  by  sulphuretted  hydrogen. 

Separation  of  Oxide  of  Cadmium  from  Oxide  of  Bismuth. — 
This  likewise  is  effected  by  cyanide  of  potassium ;  an  excess  of  the 
cyanide  is  added,  and  heat  applied,  the  whole  of  the  bismuth  is 
separated  as  carbonate,  and  the  cadmium  is  precipitated  either 
by  sulphuretted  hydrogen  or  by  carbonate  of  potassa,  the  so- 
lution filtered  from  the  carbonate  of  bismuth,  having  been  pre- 
viously boiled  with  hydrochloric  acid.  Advantage  may  also  be 
taken  of  the  insolubility  of  chromate  of  bismuth,  and  the  solu- 
bility of  chromate  of  cadmium,  to  effect  a  separation  of  these 
two  metals. 

Separation  of  Oxide  of  Cadmium  from  Oxide  of  Zinc 
(Aubel  and  Eamdohr). — To  the  solution  of  the  two  oxides 
tartaric  acid  is  added,  and  then  solution  of  soda;  it  is  then 
largely  diluted  and  boiled  for  two  hours,  the  oxide  of  cadmium  is 
completely  precipitated,  the  oxide  of  zinc  remaining  in  solution, 
from  which,  after  filtering  off  the  oxide  of  cadmium,  it  is  precipi- 
tated by  sulphuretted  hydrogen.  The  sulphide  of  zinc  is  re- 
dissolved  in  hydrochloric  acid,  the  solution  poured  into  a  boil- 
ing solution  of  carbonate  of  soda,  and  the  basic  carbonate  of 
zinc  thus  qbtained,  is  converted  into  oxide  by  calcination. 

178.    COPPEE. 

There  are  various  methods  of  estimating  this  important 
metal.     It  may  be  weighed  as  axide^  as  sulphide,  as  subiodide. 


380  QUANTITATIVE   ANALYSIS. 

and  in  the  metallic  state;  it  may  also  be  determined  by  various 
volumetric  processes. 

(1.)  Determination  as  Oxide. — If  the  salt  to  be  examined  be 
soluble  in  water,  or  in  nitric  acid,  provided  no  organic  substance 
be  present,  it  is  best  precipitated  by  caustic  potassa.  The  so- 
lution is  considerably  diluted,  and  raised  to  the  boiling  tempe- 
rature in  a  capacious  porcelain  basin,  and  the  caustic  alkali 
gradually  added  as  long  as  a  brownish -black  precipitate  is  pro- 
duced ;  the  boiling  is  continued  for  a  few  minutes,  and  the  pre- 
cipitated oxide  is  then  received  on  a  filter,  and  washed  with 
boiling  water.  The  greater  part  of  it  is  then  removed  from 
the  filter,  and  transferred  to  a  platinum  crucible,  in  which  it  is 
ignited.  The  filter,  with  its  adhering  oxide,  is  dried,  burnt  on 
the  cover  of  the  crucible,  and  the  ashes  added  to  the  main  bulk 
of  the  oxide.  As  oxide  of  copper  absorbs  moisture  rapidly  from 
the  atmosphere,  it  must  be  weighed  as  soon  as  it  is  sufficiently 
cold  to  be  placed  in  the  scale  of  the  balance,  and  it  is  advisable 
to  allow  the  crucible  to  cool  underneath  a  receiver  by  the  side 
of  a  vessel  containing  concentrated  sulphuric  acid.  If  the  so- 
lution be  not  dilute,  the  precipitation  by  caustic  potassa  is  in- 
complete, as  is  rendered  evident  by  the  filtrate  becoming  dis- 
coloured when  mixed  with  sulphuretted-hydrogen  water,  the 
same  is  the  case  if  any  organic  matter  be  present ;  in  either 
of  these  cases,  the  filtrate  must  be  concentrated  by  evaporation, 
precipitated  by  sulphuretted  hydrogen,  and  the  precipitate 
treated  as  will  be  presently  described.  The  oxide  on  the  filter 
must  be  well  washed  with  boiling  water,  to  remove  all  traces 
of  the  alkali,  which  is  invariably  carried  down  in  company  with 
the  oxide,  during  its  precipitation. 

The  composition  oi  oxide  of  copper  is — 

One  equivalent  of  Cu     .     .     .     31-75     .     .     79*87 
One       ditto      of  0        ...     ^ .     .     2013 

One       ditto      of  CuO  .     •     .     39-76     .     .  lOOOO 

(2.)  Frecipitation  and  estimation  as  Sulphide, — The  solution  is 
acidified  with  hydrochloric  acid,  diluted  with  water,  and  a  stream 
of  washed  sulphuretted  hydrogen  gas  passed  through  it  till  it  is 
perfectly  saturated.  The  precipitated  sulphide  is  received  on 
a  filter,  and  washed  as  quickly  as  possible  with  water  impreg- 
nated with  sulphuretted  hydrogen  ;  it  is  removed  as  completely 
as  possible  from  the  filter,  which  is  then  dried  and  ignited,  and 
its  ashes  mixed  with  the  bulk  of  the  precipitate.     The  buI- 
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phide  is  decomposed  by  digestion  with  dilute  nitro-hydrochloric 
acid,  and,  the  sulphur  being  separated,  the  solution  is  evapo- 
rated with  sulphuric  acid,  until  the  nitric  acid  is  entirely  ex- 
pelled ;  a  large  quantity  of  water  is  then  added,  and  the  oxide 
18  precipitated  by  caustic  potassa  at  the  boiling  temperature. 
If  the  solution  be  neutral  or  alkaline,  sulphide  of  ammonium 
may  be  employed  as  the  precipitating  agent. 

According  to  Eose,  copper  may  be  quantitatively  estimated  as 
sulphide,  by  calcining  the  precipitate  by  sulphuretted  hydrogen 
in  a  current  of  hydrogen.  The  operation  is  performed  in  a  cru- 
cible, through  which  a  stream  of  dry  hydrogen  is  made  to  pass. 
The  heat  must  not  be  applied  until  the  whole  apparatus  is  full 
of  hydrogen,  and  it  is  indispensable  to  continue  the  disengage- 
ment of  gas  until  the  crucible  is  quite  cold. 

(8.)  Estimation  as  Subiodide  (Pisani). — To  the  solution  previ- 
ously freed  from  all  metals  whose  iodides  are  insoluble,  sul- 
phurous acid  is  added ;  then,  after  having  applied  a  gentle  heat, 
iodide  of  potassium  until  the  supernatant  liquor  has  lost  the 
colour  due  to  the  presence  of  copper,  and  the  formation  of  a 
precipitate  ceases.  The  subiodicie  of  copper  being  very  dense, 
settles  readily,  especially  when  heated,  like  chloride  of  silver. 
In  this  precipitation,  the  sulphurous  acid  must  always  be  in  a 
slight  excess  to  avoid  the  formation  of  the  brown  compound. 
After  having  heated  the  liquor  nearly  to  boiling,  it  is  filtered  on 
a  counterpoised  filter;  the  precipitate  is  washed  with  hot  water 
and  dried ;  it  is  heated  with  the  filter  to  from  230**  to  248T., 
after  which  the  subiodide  is  weighed,  and  from  its  weight  the 
quantity  of  metal  is  calculated. 

The  composition  of  subiodide  of  copper  is — 

Two  equivalents  of  Cu     .     .     .      63-6      .     .    33-33 
One        ditto      of  I       ...    1270     .     .     6667 

One        ditto      of  Cugl     .     .    1905     .     .   100 00 

(4.)  Estimation  as  metallic  Copper  in  ores,  (F.  Mob  r,^  Re- 
pertoire de  Chimie  pure  et  appliquee,'  and  Chem.  News,  Nov. 
8th,  1862.) 

(a.)  Oxygenated  ores,  comprising  Oxide,  Suboxide,  Malachite, 
and  Phosphate  of  Copper. — According  to  the  richness  of  the  ore 
to  be  assaved,  from  75  to  150  grains  of  the  mineral  reduced  to  an 
impalpable  powder,  are  heated  with  weak  sulphuric  and  nitric 
acids.  The  mixture  is  boiled,  evaporated  to  dryness,  and  then 
calcined  until  it  ceases  to  disengage  vapours.    The  copper  be* 


S82  aUANTITATIYE   AKALTSIS. 

oomes  transformed  into  sulpbate,  not  decomposable  bj  moderate 
beat,  and  very  soluble  in  sulphuric  acid.  On  the  contrary,  iron 
Is  converted  into  slightly  soluble  ferric  subsulpbate,  and  lead 
into  insoluble  sulphate.  Witb  tin  and  antimony,  nitric  acid 
forms  oxides  which  resist  the  action  of  solvents.  When  the 
capsule  is  cool,  distilled  water  is  added  and  the  solution  boiled. 
It  is  then  filtered,  the  filtrate  contains  all  the  copper,  and  small 
quantities  of  ferric  sulphate.  On  treating  this  solution  with 
zinc,  the  ferric  salt  is  reduced,  and  the  copper  precipitated  by 
boiling,  in  the  metallic  state.  To  make  sure  of  the  complete 
precipitation  of  the  metal,  it  suffices  to  add  a  little  solution  of 
sulphuretted  hydrogen  to  a  drop  of  the  supernatant  liquid.  To 
free  the  copper  from  excess  of  zinc,  the  powder  is  treated  with 
hydrochloric  acid,  until  it  ceases  to  disengage  bubbles  of  hydro- 
gen gas.  The  metal  freed  from  sine  is  washed  with  hot  dis- 
tilled water ;  the  action  of  the  air  must  be  avoided  when  the 
solution  is  acid,  because  a  portion  of  copper  would  dissolve ; 
but  it  is  easy  to  avoid  this  inconvenience  by  effecting  the  wash- 
in?  promptly.  The  reduced  copper  is  dried  in  the  water  oven 
till  it  ceases  to  lose  weight.  The  presence  in  the  ore,  of  zinc, 
manganese,  iron,  cobalt,  and  nickel  does  not  affect  the  precision 
of  the  analysis,  neither  of  these  metals  being  precipitated  by 
zinc. 

(b.)  Sulphuretted  ores. — The  treatment  b^  sulphuric  and 
nitric  acid  must  be  several  times  repeated,  drying  and  calcining 
the  metal  between  each  treatment  with  acid.  This  method,  the 
author  thinks,  has  the  advantage  of  being  applicable  to  all  ores, 
whatever  their  composition,  and  of  not  necessitating  a  prelimi* 
nary  qualitative  analysis.  In  the  second  place,  the  copper  is 
separated  from  metals  (lead,  tin,  and  aniimony),  from  which  it 
ia  freed  with  difficulty  by  ordinary  methods,  whilst  four  metals 
(zinc,  iron,  cobalt,  nickel)  do  not  influence  the  exactness  of  the 
estimation,  and  may  be  disregarded.  ^ 

LoveVs  method  of  determining  Copper, — This  is  a  modifica- 
tion of  the  method  proposed  by  Kuch  for  the  quantitative  esti- 
mation of  iron  (see  page  313).  The  cuprous  solution  is  intro- 
duced into  a  fl  isk  that  can  be  accurately  closed  with  a  glass 
stopper,  ammonia  is  added,  till  the  liquid  assumes  a  transparent 
blue  colour,  and  the  flask  is  then  filled  with  water,  from  which 
all  atmospheric  air  has  been  expelled  by  boiling;  a  clean  and 
accurately  weighed  slip  of  copper  is  introduced  into  the  bottle, 
which  is  immediately  closed ;  when  the  liquor  has  become  per- 
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feetly  colourless,  the  slip  is  removed,  washed,  dried  and  weighed, 
the  diminution  in  weight  which  it  has  undergone,  indicates  the 
amount  of  copper  originally  present  in  the  solution.  The  re- 
sult which,  when  properly  conducted,  is  very  accurate,  depends 
on  the  ahstrsction  of  one  equivalent  of  copper  from  the  slip  by 
every  equivalent  of  oxide  of  copper  in  the  solution  to  form  an 
equivalent  of  suboxide  of  copper,  which  forms  with  ammonia  a 
colourless  solution,  thus : — 

CuO  +  CusCujO. 

It  requires  a  considerable  time  to  complete  the  process,  which 
is  obviously  altogether  inapplicable  in  the  presence  of  foreign 
metals,  which  are  capable  of  being  precipitated  by  copper. 

Ca$sa9eca*9  method, — This  consists  in  dissolving  the  copper 
compound  in  an  acid,  adding  an  excess  of  ammonia  to  the  so- 
lution, and  comparing  the  tint  furnished  by  this  solution,  with 
that  which  a  known  weight  of  pure  copper  yields  likewise  in 
the  state  of  ammoniuret. 

(5.)   Volumetric  methods  of  estimating  Chpper : — 

(a.)  Felouze's  method  (*  Comptes  Kendus,'  Feb.  12, 1846).— 
This  mode  of  analysis  was  suggested  to  the  author,  by  the  ac- 
curacy and  rapidity  with  which  alloys  of  silver  are  analysed  by 
the  process  discovered  by  M.  Gay-Lussac.  He  succeeded  in  ef- 
fecting his  object  in  several  different  ways,  all  based  principally 
on  the  phenomena  of  precipitation,  and  simultaneous  decolora- 
tion. The  following  was  the  mode  of  proceeding  which  he  finally 
adopted : — a  certain  quantity  of  very  pure  copper  is  dissolved  in 
nitric  acid,  the  solution  is  diluted  with  water,  and  excess  of  am- 
monia added ;  a  deep  blue  solution  is  obtained.  On  the  other 
baud,  some  sulphide  of  sodium  is  dissolved  in  water,  and  poured 
into  a  tube  graduated  and  divided  into  tenths  of  a  cubic  centi- 
metre; the  ammoniacal  solution  is  heated  to  boiling,  and  the  solu- 
tion of  the  sulphide  gradually  added.  If  we  suppose  that  it  re- 
quired B I  cubic  centimetres  to  decolorize  1  gramme  of  copper,  we 
have  a  standard  solution  of  known  strength.  To  apply  this  to 
the  analysis  of  copper  alloys,  a  certain  known  weight  is  dissolved 
in  aqua-regia,  the  solution  is  supersaturated  with  ammonia, 
heated  to  boiling,  and  the  standard  solution  of  the  sulphide 
added  until  it  is  decolorized,  taking  care  to  add  from  time  to 
time,  a  little  dilute  ammonia  to  replace  that  which  is  evaporated. 
The  decrease  in  the  depths  of  the  blue  tint,  points  out  that  the 
end  of  the  experiment  is  more  or  less  near,  and  when  it  is  re- 
quisite to  add  the  last  portions  of  the  sulphide  in  drops.  When 
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the  operation  is  supposed  to  be  finished,  the  number  of  divisions 
employed  for  the  decoloration  is  read  off,  and  compared  with 
the  number  required  to  decolorize  an  equal  weight  of  pure 
copper.  It  must  be  remarked  that  the  ammoniacal  liquor  from 
which  the  copper  has  been  precipitated  does  not  long  remain 
colourless,  but  gradually  becomes  blue  in  consequence  of  the 
sulphide  of  copper  becoming  partially  converted  into  sulphate 
by  the  absorption  of  oxygen.  This  mode  of  operating  is  not,, 
according  to  the  author,  liable  to  an  error  amounting  to  more 
than  T^nr  ^^T<nnr>  though  still  greater  accuracy  is  obtained  by 
completing  the  decoloration  of  the  blue  liquid  with  a  very  weak 
solution  of  sulphide,  precisely  in  the  manner  recommended  by 
Gay-Lussac  in  his  'Analysis  of  Silver  Alloys  by  Standard  So- 
lutions of  Common  Salt.'  Neither  tin^zinc,  cadmium^  lead,  an* 
timony,  iron,  arsenic,  nor  bismuth  in  any  way  interfere  with  the 
success  of  this  process,  not  being  in  the  least  affected  by  the 
sulphide  of  sodium  while  a  trace  of  copper  remains  to  be  pre- 
cipitated ;  indeed  the  author  found  that  when  the  sulphides  of 
zinc,  cadmium,  tin,  lead,  bismuth,  and  antimony  are  placed  in 
contact  with  ammoniacal  solution  of  sulphate  of  copper,  they  de- 
colorize it,  some  in  the  cold,  others  witli  the  assistance  of  heat, 
which  proves  very  evidently,  that  these  sulphides  cannot  exist, 
except  perhaps  for  an  instant,  in  a  solution  of  copper.  Their 
formation  subsequently  to  the  decoloration,  has  no  influence  on 
the  result  of  the  analysis,  as  the  termination  of  this  is  judged 
of  by  the  decoloration  of  the  liquid,  without  paying  the  least 
attention  to  the  precipitates  which  subsequently  form ;  or,  if 
any  attention  is  paid,  it  is  only  with  a  view  to  obtain  some 
knowledge  of  the  nature  of  the  metals  which  accompany  the 
copper.  Thus,  if  any  alloy  consists  of  copper,  lead,  tin,  and 
zinc,  the  presence  of  sdnc  is  readily  detected  by  the  white  pre- 
cipitate which  succeeds  the  black  precipitate  of  sulphide  of 
copper,  the  lead  and  tin  being  precipitated  at  the  outset  by 
ammonia.  Cadmium,  like  zinc,  is  precipitated  immmediately 
after  the  copper.  Tlie  very  moment  the  liquid  is  observed  to 
be  decolorized,  a  beautiful  pure  yellow  precipitate  of  sulphide  of 
cadmium  is  formed,  if  the  addition  oi  sulphide  be  continued. 
If  the  alloy  contain  silver,  that  metal  is  previously  precipitated 
from  the  nitric  solution  by  hydrochloric  acid.  In  this  method 
of  estimating  copper,  an  important  property  of  ammonia, 
besides  that  of  heightening  the  colour,  is  that  it  prevents  the 
salts  of  copper  being  precipitated  by  sulphites  and  hyposuU 
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phites,  without  which  it  would  probably  have  been  impossible 
to  estimate  the  copper  by  means  of  solutions  of  the  alkaline 
sulphides,  since  these  suits  almost  always  occur  in  the  alkaline 
sulphide,  and  are  moreover  produced  from  them  by  contact  with 
the  air.  A  solution  of  sulphide  of  sodium  becomes  weaker  by  con- 
tact with  the  air,  but  the  alteration  is  very  slow,  uor  is  it  neces- 
sarv  to  change  the  liquid  as  long  as  any  remains  in  the  flask  in 
which  a  quantity  has  been  prepared.  The  only  precaution  to 
be  taken,  and  it  is  one  which  applies  to  all  standard  solutions, 
is  to  determine  previously  to  each  assay,  the  actual  strength 
of  the  sulphide  with  a  known  weight  of  pure  copper.  Pelouze 
states  in  conclusion,  that  this  method,  applied  to  the  analysis  of 
copper  ores,  yields  results  of  the  greatest  accuracy. 

(b.)  C.  Mohr's  method  (Liebig's  *  Annalen/  xcii.  p.  97). — This 
is  founded  on  the  fact  that  salts  of  protoxide  of  copper  are  pre- 
cipitated by  metallic  iron,  the  latter  being  converted  into  pro- 
toxide. The  quantity  of  the  protosait  of  iron  is  determined  by 
permanganate  of  potash. 

The  solution  of  the  copper  salt  is  put  with  a  few  drops  of 
hydrochloric  acid,  and  about  one-fourth  of  pure  chloride  of 
sodium,  into  a  stoppered  bottle ;  a  quantity  of  soft  iron  wire  is 
then  introduced.  The  reduction  immediately  commences,  and 
should  be  assisted  by  a  heat  of  from  89°  to  100°  F.  All  the 
copper  is  separated  in  a  metallic  form  in  an  hour  or  two,  when 
no  trace  of  copper  can  be  detected  in  the  solution  by  sulphu- 
retted hydrogen.  The  following  precautions  must  be  observed ; 
' — the  solution  must  not  be  too  acid,  as  in  that  case  an  excess 
of  iron  is  dissolved;  and  the  heat  applied  must  not  be  too  strong, 
as  this  causes  the  separation  of  a  basic  protosait  of  iron  in 
the  form  of  a  flocculent  precipitate,  which  has  no  action  upon 
the  permanganate  of  potassa ;  when  the  reduction  is  completed, 
which  may  be  known  by  the  clearness  of  the  fluid,  a  protosnlt 
of  iron  has  taken  the  place  of  the  protosait  of  copper,  according 
to  the  formula — 

CuO  +  SO3  +  re  =  FeO  +  SO3  +  Cu. 
The  fluid  with  the  separated  pulverulent  copper  is  then  diluted, 
and  a  measured  quantity  drawn  off  by  a  pipette  and  treated 
with  permanganate  of  potassa. 

(c.)  Schwartz's  method  (Annal.  der  Chemie  und  Pharm.  84). 
— ^This  is  based  on  the  fact  that  suboxide  of  copper  reduces  iron 
from  the  state  of  sesquichloride  to  that  of  protochloride,  thus : — 
Cii30  +  Fe3Cls+HCl  =  2CuCi  +  2FeCl  +  HO. 
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To  a  solution  of  the  compound  in  nitric  acid,  or  in  water 
contained  in  a  porcelain  basin,  is  added  a  solution  of  neutral 
tartrate  uf  potassa,  and  then  potassa  or  soda  in  excess ;  the  blue 
fluid  obtained,  is  warmed  on  the  water-bath  with  an  aqueous 
solution  of  grape  or  milk  sugar ;  the  action  is  allowed  to  con- 
tinue until  the  blue  fluid  begins  to  turn  brown,  the  precipitate, 
consisting  of  suboxide  of  copper,  is  allowed  to  subside,  and  then 
filtered  and  washed  with  hot  water,  till  the  washing  water  passes 
through  colourless.  The  Alter  with  its  contents  are  then  trans* 
ferred  to  the  porcelain  basin,  and  pure  sesquichloride  of  iron 
added  in  slight  excess,  together  with  a  little  hydrochloric  acid, 
gentle  heat  is  applied,  and  when  the  subchloride  of  copper 
which  is  at  first  formed  is  redissolyed,  the  solution  is  filtered 
into  a  capacious  flask,  and  the  remains  on  the  filter  well  washed  ; 
it  is  then  allowed  to  cool  to  about  77^,  and  the  amount  of  pro- 
tochloride  of  iron  determined  by  a  si;andard  solution  of  perman« 
ganate  of  potassa.  E?ery  28  parts  of  iron  found  in  the  state  of 
protochloride,  indicate  3175  parts  of  copper. 

(d.)  FleitmanrCs  method  (Liebig*s  'Annalen/  April,  1856,  p. 
141). — When  the  solution  of  copper  is  free  from  nitric  acid,  or 
injurious  metals,  such  as  antimony  and  arsenic,  the  copper  is 
precipitated  with  pure  metallic  zinc,  the  excess  of  which  metal  is 
got  rid  of  by  digestion  with  pure  sulphuric  acid ;  the  precipitate 
IS  washed,  and  dissolved  in  an  acid  solution  of  pure  perchloride 
of  iron.  The  solution  of  the  copper  takes  place  almost  instan- 
taneouslv,  and  furnishes  double  its  equivalent  of  protoxide  of 
iron,  which  is  determined  by  permanganate  of  potassa ;  when 
nitric  acid  is  present,  ammonia  is  added  in  excess,  and  the  pre- 
cipitation of  the  copper  effected  in  the  filtered  solution^  by  pure 
zinc  shavings. 

(e.)  TerreiVs  method  {'Oomi^ie^  Rendus,'  Feb.  1, 1858).— The 
cuprous  mineral  is  dissolved  in  nitric  acid,  which  is  completely 
driven  off  by  concentrated  sulphuric  acid,  the  nitrates  being 
converted  into  sulphates,  ammonia  is  added  in  excess,  and  the 
liquid  filtered ;  it  is  then  boiled  with  sulphite  of  ammonia  until 
colourless,  and  the  excess  of  pulphurous  acid  is  driven  oft*  bv 
boiling  with  hydrochloric  acid,  the  solution  is  then  diluted  with 
water,  and  treated  with  a  standard  solution  of  permanganate  of 
potassa. 

(f.)  By  Cyanide  o/Foiaesium  (Parker  and  Mohr). — The  sub- 
stance is  dissolved  in  an  acid,  and  ammonia  added  in  excess ;  a 
normal  solution  of  cyanide  of  potassium  is  then  added  from  a 
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burette  until  the  blue  colour  diaappears;  tvoo  equivalents  of 
cyanogen  are  necessarj  to  decolonze  one  of  copper  in  ammonia. 
In  this  method  Field,  who  has  subjected  the  various  processes 
for  determining  copper  to  a  critical  examination  (Cbem.  News, 
vol.  i.  pp.  24,  61,  73),  remarks  that  great  caution  and  consider- 
able practice  are  reouired  to  determine  the  necessanr  amount 
of  cyanide,  as  towards  the  end  of  the  process,  the  decolorization 
is  not  very  distinct,  the  solution  assuming  a  delicate  violet 
tint  which  fades  very  gradually,  leaving  at  length  the  liquid 
destitute  of  colour ;  it  is  safer  to  leave  a  very  slight  tint,  as 
it  disappears  after  the  lapse  of  twenty-four  hours.  If  iron  be 
present,  it  is  better  not  to  filter  oif  the  peroiide  precipitated  by 
ammonia,  as  it  is  exceedingly  difficult  to  wash  the  copper  out 
of  it,  and  the  estimation  of  the  copper  can  be  perfectly  eifected 
in  the  solution,  in  its  presence.  Tiie  solution  of  cyanide  recom- 
mended by  Field  is  ISOO  grains  of  the  salt  dissolved  in  four 
pints  of  water,  about  50  grains  of  the  mineral  being  employed  ; 
with  alloys  of  tin  and  copper,  antimony  and  copper,  and  ar- 
senie  and  copper,  this  method  is  available ;  but  it  cannot  be  ap- 
plied to  the  analysis  of  alloys  of  copper  and  zinc,  or  of  copper 
and  iilver;  the  presence  of  nickel  and  cobalt  likewise  interferes 
with  its  accuracy.  Fleck  (Polytech.  Centralblatt,  1859,  p. 
1318)  recommends  to  dissolve  the  copper  compound  in  ecbrbo' 
nate  of  ammonia  instead  of  ammonia,  and  to  add  a  drop  of  ferro- 
cyanide  of  potassium  to  the  blue  liquor.  The  moment  the  cupro- 
ammoniacal  compound  is  destroyed,  the  liquid  becomes  red. 

With  regard  to  the  precipitation  of  copper  by  iron  or  zinc, 
Field  remarks  that  though  the  estimation  is  never  perfectly 
correct,  traces  both  of  zinc  and  iron  being  found  with  the  pre- 
cipitated  copper,  however  carefully  the  operation  is  performed, 
nevertheless  in  a  commercial  point  of  view  it  is  not  far  from 
the  truth ;  but  the  precipitated  copper  should  be  washed  with 
water  at  the  temperature  of  100^  or  120^,  to  which  one  or  two 
per  cent,  of  hydrochloric  acid  has  been  added ;  if  a  stronger 
acid  be  used  there  is  a  danger  of  some  of  the  finely  precipitated 
copper  being  dissolved. 

(g.)  Siren  fs  method, — The  oxide  of  copper  is  reduced  by  grape 
sugar,  a  solution  of  starch  and  iodide  of  potassium  added, 
afterwards  a  standard  solution  of  bichromate  of  potassa ;  the 
following  reaction  occurs : — 

8Cu20-|-2Cr08=6CuO  +  Cr303. 

When  the  whole  of  the  subchloride  of  copper  is  converted 
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into  chloride,  a  permanent  blue  colour  is  produced ;  the  chromic 
acid  then  reacting  on  the  iodide  of  potassium  and  expelling 
iodine.  Field  finds  this  method  to  give  accurate  results,  pro* 
vided  care  be  taken  in  the  addition  of  the  iodide  of  potassium. 
Diniodide  of  copper  is  very  insoluble  in  hydrochloric  acid,  unless 
the  latter  be  in  excess,  so  that  when  a  considerable  quantity  of 
alkaline  iodide  is  employed,  and  little  hydrochloric  acid  present, 
there  is  not  much  dichloride  of  copper  in  solution. 

MM.  Plessy  and  Moreau  have  founded  a  method  of  estima- 
ting copper  on  the  following  reaction  :— 

CuCH-CursCugCl. 

The  solution  of  protochloride  is  made  as  nearly  neutral  as 
possible  by  the  addition  of  ammonia,  and  the  liquor  is  then 
rendered  green  by  the  cautious  addition  of  hydrochloric  acid  ; 
a  strip  of  copper  is  boiled  in  this  solution  until  it  becomes 
colourless ;  the  loss  of  weight  indicates  the  amount  of  metal 
in  the  chloride. 

E.  O.  Brown  (Quart.  Joum.  Chem.  Soc.  vol.  x.  p.  65)  dis- 
solves the  copper  compound  in  nitric  acid,  adds  carbonate  of 
soda,  and  afterwards  acetic  acid  in  excess.  Iodide  of  potassium 
is  then  added,  equal  to  at  least  six  times  the  weight  of  the 
copper.  A  standard  solution  of  hyposulphite  of  soda  is  poured 
into  the  flask  from  a  burette,  until  the  brown  colour  nearly  dis- 
appears. Clear  starch  liquid  is  then  introduced,  and  a  further 
addition  of  hyposulpinte,  until  the  blue  colour  is  destroyed. 
The  presence  of  peroxide  of  iron  is  fatal  to  this  method,  not 
only  on  account  of  the  deep  colour  of  the  peracetate  of  iron, 
but  more  particularly  because  the  peroxide  becomes  partially 
deoxidized  by  the  hyposulphite,  and  thus  interferes  with  the 
reaction. 

In  concluding  his  valuable  review  of  the  various  methods  of 
estimating  copper,  Field  remarks  that  much  must  be  left  to 
the  knowledge  and  experience  of  the  operator.  In  a  mixture 
of  leadf  arsenic,  and  copper,  the  cyanide  of  potassium  process 
could  be  advantageously  adopted,  whilst  the  method  by  pre- 
cipitation would  be  worthless,  as  all  the  metals  would  be  reduced. 
Manganese  and  zinc  do  not,  on  the  other  hand,  affect  the  pre- 
cipitation of  copper  upon  iron,  but  render  the  cyanide  estima- 
tion valueless. 

Kunsel  has  recently  proposed  the  following  modification  of 
Pelouze's  volumetric  method  for  the  estimation  of  copper: — 
Sulphide  of  zinc  is  employed  for  indicating  the  complete  pre- 
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cipitation  of  the  copper,  that  suhstance  being  instantly  decom- 
posed in  a  hot  ammoniacal  solution  of  copper.  The  solution 
of  sulphide  of  sodium  is  of  such  a  strength  that  one  cubic  centi- 
metre precipitates  a  centigramme  of  copper.  The  sulphide  of 
zinc  is  prepared  by  dissolving  the  metal  in  hydrochloric  acid, 
supersaturating  ivith  ammonia,  and  then  boiling  with  a  little 
sulphide  of  zinc  to  remove  the  lead,  which  is  always  present  in 
commercial  zinc.  The  ammoniacal  solution  of  zinc  is  filtered 
and  decomposed  with  sulphide  of  sodium,  a  small  quantity  of 
zinc  being  allowed  to  remain  in  solution.  The  moist  sulphide 
of  zinc,  with  excess  of  zinc  solution,  is  then  spread  evenly 
upon  filter-paper,  several  layers  thick ;  when  the  paper  has  ab- 
sorbed most  of  the  solution,  the  moist  white  layer  of  sulphide  of 
zinc  is  ready  for  use. 

According  to  Field,  the  most  expeditious  method  of  converting 
protosalts  of  copper  into  subsalts  Dy  means  of  alkaline  sulphites, 
is  to  mix  about  equal  quantities  of  sulphite  and  carbonate  of 
soda,  and  to  make  of  these  salts  a  strong  cold  solution.  This 
liquid  poured  into  a  protosalt  of  copper,  instantly  decomposes 
it.  After  a  few  minutes'  boiling,  the  whole  is  converted  into 
suboxide,  which  dissolves  in  hydrochloric  acid  or  ammonia  with- 
put  a  shade  of  colour. 

Separation  of  Oxide  of  Copper  from  Oxide  of  Lead  : — 

(1.)  J?y  Cyanide  of  PotassUim, — To  the  diluted  solution  of  the 
two  oxides,  carbonate  of  soda  is  added  in  slight  excess,  and  then 
cyanide  of  potassium,  and  heat  applied.  The  lead  precipitates 
as  carbonate ;  the  copper  remains  in  solution  in  the  form  of 
double  cyanide  of  copper  and  potassium  :  it  is  evaporated  with 
sulphuric  acid  till  all  the  hydrocyanic  acid  is  expelled,  then 
largely  diluted  with  water,  and  precipitated  at  the  boiling 
temperature  by  caustic  potassa. 

(2.)  By  Sulphuric  Acid, — The  solution  is  concentrated,  and 
the  oxide  of  lead  precipitated  by  dilute  sulphuric  acid,  the  sul- 

f>hate  of  lead  is  collected  on  a  filter,  and  washed  first  with  di- 
ute  sulphuric  acid,  and  then  with  spirits  of  wine.  The  filtrate 
is  boiled  for  some  time,  to  drive  off  the  alcohol,  and  finally  pre- 
cipitated by  caustic  potassa. 

Separation  of  Oxide  of  Copper  from  Oxide  of  Silver : — 
(1.)  By  hydrochloric  Acid, — Nitric  acid  is  added  to  the  solu- 
tion, the  silver  is  then  precipitated  as  chloride,  by  hydrochloric 
acid,  and  the  oxide  of  copper  is  thrown  down  from  the  filtrate 
by  caustic  potassa, 
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(2.)  By  Cyanide  of  Potassium. — The  solution  is  nentralissed 
with  potassa,  cyanide  of  potassium  is  then  added  till  the  pre- 
cipitate which  is  first  formed  is  entirely  redissolved.  To  the 
clear  solution  nitric  acid  is  added,  which  precipitates  the  silver 
completely  as  cyanide.  The  filtrate  is  evaporated  with  sul- 
phuric acid  till  all  the  hydrocyanic  acid  is  expelled,  and  the 
copper  is  finally  precipitated  hy  caustic  potassa.  Eresenius 
gives  another  method  of  treating  the  solution  of  the  oxides  of 
these  two  metals  in  cyanide  of  potassium.  Sulphuretted  hy- 
drogen is  passed  into  the  solution,  which  precipitates  only  the 
silver,  provided  sufficient  cyanide  of  potassium  be  present. 
The  solution  filtered  from  the  sulphide  of  silver  is  heated  to 
expel  the  excess  of  sulphuretted  hydrogen ;  cyanide  of  potas- 
sium is  again  added,  and  then,  having  completely  decomposed 
this  salt  by  evaporating  with  a  mixture  of  sulphuric  and  nitric 
acids,  the  copper  is  precipitated  by  caustic  potassa. 

(3.)  Berlandt  (Archiv  f^r  Pharm.,  Band  civ.  279)  dissolves  the 
mixed  metals  in  nitric  acid,  and  evaporates  the  solution  to  dry- 
ness, to  get  rid  of  excess  of  acid.  He  then  dissolves  one  ounce 
of  the  salts  in  five  ounces  -of  water,  filters  the  solution,  adds 
fourteen  ounces  of  a  solution  of  protosulphate  oi  iron  (five  and 
a  half  parts  sulphate  to  eight  and  a  half  part«  water)  mixes, 
and  stirs  well.  The  greyish-white  deposit,  washed  with  very 
dilute  sulphuric  acid,  and  afterwards  with  water,  is  found  to  be' 
pure  silver. 

For  the  various  methods  of  assaying  alloys  of  silver  and 
copper,  see  "  Silver." 

Separation  of  Oxide  of  Chpperfrom  Oxide  of  Mercury : — 

(1.)  By  Cyanide  of  Potamum. — This  is  effected  in  the  same 
manner  as  the  separation  of  oxide  of  silver  from  oxide  of  copper; 
the  solution  of  the  two  oxides  in  cyanide  of  potassium  is  treated 
with  sulphuretted  hydrogen,  by  which  mercury  alone  is  preci- 
pitated. 

(2.)  By  Formiate  of  Soda. — Hydrochloric  acid  is  added  to 
the  solution,  which  is  then  nearly  neutralized  with  potassa, 
and  the  mercury  precipitated  as  subchloride  by  formiate  of 
soda,  in  the  manner  directed  in  treating  of  the  separation  of 
oxide  of  mercury  from  oxide  of  cadmium. 

Separation  qf  Oxide  of  Copper  from  Oxide  of  Bismuth  ;*— 

^1.)  By  Carbonate  of  Ammonia. — On  adding  this  reagent  to 
iue  solution  of  the  two  oxides,  in  considerable  excess,  oxide  of 
bismuth  alone  is  precipitated ;  it  is  allowed  to  remain  at  rest 
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for  some  time  in  a  warm  place,  and  then  filtered,  the  oxide  of 
bismuth  being  washed  on  the  filter  with  carbonate  of  ammonia. 
The  filtrate  is  gently  evaporated  to  expel  the  excess  of  carbonate 
of  ammonia,  caustic  ammonia  is  then  added,  and  the  oxide  of 
copper  is  finally  precipitated  by  caustic  potassa.  This  method 
is  not  to  be  recommended,  it  being  difficult  to  remove  all  traces 
of  oxide  of  copper  from  the  precipitated  oxide  of  bismuth,  even 
by  protracted  washing  with  carbonate  of  ammonia. 

(2.)  By  Cyanide  of  Potassium, — Carbonate  of  soda  is  first 
added  in  slight  excess  to  the  solution,  the  oxide  of  bismuth  is 
then  precipitated  in  the  form  of  carbonate,  by  heating  with 
cyaniae  of  potassium;  the  copper  in  the  filtrate  is  determined 
by  precipitating  it  by  caustic  potassa,  ho ving  previously  expelled 
the  hydrocyanic  acid  by  evaporating  with  sulphuric  acid. 

(8.)  By  Chlorine, — The  solution  of  the  two  metallic  oxides  is 
precipitated  by  sulphuretted  hydrogen,  and  the  mixed  sul- 
phides, having  been  washed  and  weighed,  are  introduced  into  a 
bulb,  blown  in  a  tube  of  hard  glass,  connected  with  an  appara- 
tus for  generating  chlorine.  A  stream  of  this  gas  is  trans- 
mitted throngh  the  tube,  which  at  the  same  time  is  heated  by 
a  spirit  lamp,  first  gently,  and  then  to  redness ;  the  sulphides 
are  thus  converted  into  chlorides,  and  the  chloride  of  bismuth, 
being  volatile,  is  gradually  expelled ;  it  may  be  received  into  a 
vessel  containing  water  impregnated  with  hydrochloric  acid,  or 
the  amount  of  oxide  maybe  estimated  by  the  loss  of  weight 
sustained  by  the  analysed  substance.  The  apparatus  employed 
may  be  the  same  as  that  used  for  separating  mercury  from  lead, 
mercury  from  silver,  or  bismuth  from  lead.  The  chloride  of 
copper  remaining  in  the  bulb  is  washed  out  with  a  little  dilute 
nitric  acid,  evaporated  with  sulphuric  acid,  and  finally  precipi- 
tated by  caustic  potassa. 

Separation  of  Osideof  Copper  from  Oxide  of  Cadmium  : — 

(1.)  By  Carbonate  of  Ammonia, — This  reagent  is  added  in  ex- 
cess to  the  solution  of  the  two  oxides ;  carbonate  of  cadmium 
is  precipitated,  while  oxide  of  copper  remains  in  solution. 

(2.)  By  Cyanide  of  Potassium, — This  reagent  is  added  until 
a  clear  solution  is  obtained,  sulphuretted  hydrogen  is  then 
passed  through  the  mixture,  by  which  the  cadmio-cyanide  is 
completely  decomposed,  sulphide  of  cadmium  being  precipi- 
tated, whue  the  whole  of  the  sulphide  of  copper  remains  in  solu- 
tion. The  excess  of  sulphuretted  hydrogen  is  expelled  by  heat, 
and  a  little  more  alkaline  cyanide  added.    The  copper  may  then 
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be  precipitated  as  sulphide,  by  the  addition  of  ah  acid ;  or  the 
double  cyanide  may  be  decomposed  by  evaporating  with  sul- 
phuric acid,  and  the  metal  precipitated  as  oxide  by  caustic 
potassa. 

(3.)  By  Iodide  of  Potassium  (Pisani). — The  copper  is  pre- 
cipitated as  iodide,  by  the  addition,  first  of  sulphurous  acid,  a 
gentle  heat  being  applied,  and  then  of  iodide  of  potassium 
until  the  supernataut  fluid  has  lost  the  colour  due  to  the  pre- 
sence of  copper,  and  the  formation  of  a  precipitate  ceases. 
Prom  the  filtered  liquor  the  cadmium  is  precipitated  by  sul-. 
phuretted  hydrogen. 

(4.)  The  metals  are  precipitated  as  sulphides,  the  sulphides 
are  boiled  with  dilute  sulphuric  acid  (one  part  concentrated 
acid,  and  five  water)  and  rapidly  filtered.  The  filtrate  con- 
tains the  whole  of  the  cadmium,  which  may  then  be  precipitated 
by  sulphuretted  hydrogen. 

Separation  of  Oxide  of  Copper  from  Oxide  of  Zino :  Analysis 
of  Brass, — Although  oxide  of  zinc  is,  when  alone,  completely 
soluble  in  caustic  potassa,  this  reagent  cannot  safely  be  em- 
ployed to  separate  wnc  from  copper,  since  the  oxide  of  copper 
invariably  carries  down  with  it  a  greater  or  lesser  quantity  of 
oxide  of  zinc.  Sulphuretted  hydrogen  is,  however,  an  efiectual 
reagent  for  this  purpose. 

(1.)  The  alloy,  being  dissolved  in  nitric  acid,  is  treated  with 
a  current  of  the  gas ;  sulphide  of  copper  alone  precipitates,  and 
from  the  filtrate  the  oxide  of  zinc  may  be  completely  thrown 
down,  by  boiling  with  carbonate  of  potassa  or  by  evaporating 
it  to  dryness,  and  igniting  in  a  platinum  crucible. 

(2.)  The  copper  is  precipitated  by  sulphurous  acid  and  iodide 
of  potassium,  according  to  Pisani's  method,  and  the  zinc  in  the 
filtrate,  by  carbonate  of  soda  or  potassa. 

(3)  MM.  Bitot  and  Bouquefs  method, — ^The  alloy  is  dissolved 
in  nitric  acid,  diluted  with  water,  and  saturated  with  ammonia. 
Into  the  ammoniacal  solution  is  now  put  a  slight  excess  of 
pure  potassa  in  fragments,  and  the  whole  is  gently  heated  on  a 
sand-bath  until  it  is  completely  decolorized,  and  until  the  liquor 
no  longer  smells  of  ammonia.  The  oxide  of  copper  is  now 
thrown  on  a  filter,  and  washed  with  boiling  water.  Into  the 
alkaline  liquor  hydrochloric  acid  is  poured,  until  the  whole  dis- 
plays an  acid  reaction,  when  the  zinc  is  precipitated  by  car- 
bonate of  soda.  Before  filtration,  the  solution  is  heated  du- 
ring seven  or  eight  hours  on  a  sand-bath,  for  the  purpose  of 
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-eliminating  free  carbonic  acid.  The  precipitate  is  now  filtered, 
washed  with  boiling  water,  separated  from  the  filter,  and  cal- 
cined.   The  two  metals  are  thus  estimated  in  the  state  of  oxide. 

Separation  of  Copper  from  Nickel,  (Dewilde,  *  Bulletin  de  la 
Societe  Chimique  de  Paris.') — Dissolve  about  30  grains  of  the 
alloy  in  hydrochloric  acid  with  the  addition  of  nitric  acid ;  eva- 
porate the  excess  of  acid,  and  dissolve  the  chlorides  in  about 
two  pints  of  water.  To  the  solution  add  pure  cream  of  tartar, 
double  the  weight  of  the  alloy.  Heat  slightly  to  favour  the 
solution,  and  add,  little  by  little,  a  solution  of  caustic  potassa 
in  alcohol.  The  metals  are  precipitated  as  hydrates,  which  are 
redissolved  by  an  excess  of  the  alkali.  The  blue  liquid  is  boiled 
for  a  few  minutes  with  a  solution  of  grape  sugar ;  the  copper 
is  hereby  precipitated  as  suboxide,  which  is  washed,  dried,  and 
calcined,  and  then  converted  into  nitrate,  and  the  copper  esti- 
mated by  one  of  the  volumetric  methods.  The  filtered  solution 
containing  the  nickel  is  evaporated  to  dryness,  the  residue  in- 
cinerated, then  washed  to  remove  the  carbonate  of  potassa,  and 
a  second  time  incinerated  and  washed,  it  is  then  redissolved  in 
aqua-regia  from  which  the  hydrnted  oxide  is  precipitated  by 
potassa.  As  it  is  very  difiScult  thoroughly  to  wash  this  volu- 
minous hydrate,  Dewilde  prefers,  where  great  accuracy  is  re- 
quired, to  dry,  calcine,  and  then  after  another  washing  with 
hot  water,  to  reduce  it  to  metallic  nickel  in  a  platinum  crucible 
in  an  atmosphere  of  hydrogen  gas. 

Detection  and  estimation  of  small  quantities  of  Antimony, 
Arsenic,  Bismuth^  and  Lead  in  metallic  Copper : — 

Analysis  of  Commercial  Copper.  (Abel  and  Field,  Quart. 
Journ.  Chem.  Soc,  January,  18(52.) 

(a.)  Determination  of  AntimA>ny  and  Arsenic, — Two  hundred 
grains  of  the  metal  are  dissolved  in  nitric  acid,  a  small  quantity 
of  solution  of  nitrate  of  lead  is  added,  equal  to  about  ten  grains 
of  the  salt,  and  subsequently  an  excess  of  ammonia  and  carbon- 
ate of  ammonia.  A  precipitate  is  formed  which  may  consist  of 
oxide  and  carbonate  of  lead,  arsenate  and  antimoniate  of  lead, 
and  oxide  of  bismuth,  the  whole  of  the  copper  remaining  in  so- 
lution. The  precipitate  is  separated  by  filtration,  thoroughly 
washed,  and  digested  in  a  strong  solution  of  oxalic  acid,  whereby 
the  antimony  and  arsenic  are  dissolved.  To  the  filtered  liquid 
sulphide  of  ammonium  is  added,  or  what  is  preferable,  it  is  ren- 
dered alkaline  by  ammonia,  and  hydrosulphuric  acid  passed 
through  to  saturation.    Traces  of  sulphide  of  copper  generally 


394  QITANTIXATITE  ANALYSIS. 

impart  a  greenish  tinge  to  the  liquid,  and  ore  deposited  after 
some  time,  as  it  is  nearly  impossible  to  wash  awaj  the  last  traces 
of  that  m etal ,  from  the  n i trate  of  lead  preci pitate.  This  a ulphide 
is  filtered  off,  and  a  slight  excess  of  hydrochloric  acid  is  added  to 
the  filtrate  which  is  diluted  to  about  8  ounces.  If  any  lai^ 
amount  of  either  antimony  or  arsenic  be  present,  there  will  be 
an  immediate  precipitate.  If  smaller  quantities  exist  (one  or 
two-hundredths  of  a  grain),  the  flask  should  be  placed  on  the 
sand  bath  for  a  few  hours  and  the  temperature  maintained  at 
from  140°  to  200°  F.,  when  the  metals,  if  present,  will  make 
their  appearance  as  sulphides.  If  the  precipitate  be  orange  or 
orange-red,  the  presence  of  antimony  is  certain ;  but  if  a  pure 
oanary-yeUow,  its  absence  may  be  presumed.  The  precipitated 
sulphides  are  oxidized  by  means  of  concentrated  nitro-hydro- 
chloric  acid,  the  clear  solution  is  mixed  with  chloride  of  ammo- 
nium and  excess  of  ammonia,  and  the  arsenic  is  separated 
as  ammonio-magnesian  arsenate  (2MgO,NH40,AsOg,HO). 
The  filtrate  from  this,  is  slightly  acidified  with  dilute  hydrochloric 
acid,  and  the  antimony  is  precipitated  by  hydrochloric  acid,  and 
ultimately  determined  as  autimoniate  of  teroxide  of  antimony 
(SbO^).  Should  the  presence  of  antimony  and  arsenic  have 
been  previously  ascertained,  it  is  of  course  unnecessarv  in  the 
quantitative  process,  to  precipitate  them  both  as  sulphides  from 
their  solution  in  oxalic  acid,  as  the  arsenic  may  be  at  once  pre- 
cipitated by  the  addition  of  sulphate  of  magnesia  and  excess 
of  ammonia,  and  the  antimony  determined  in  the  filtrate. 

(b.)  Determination  of  Lead  and  Bismuth. — The  nitric  acid 
solution  of  about  200  grains  of  the  copper  is  mixed  with  a  small 
quantity  of  solution  of  phosphate  of  soda ;  ammonia  in  excess 
is  then  added,  and  the  resulting  precipitate  is  collected  and 
purified  from  copper,  by  washing  with  ammoniacal  water.  The 
precipitate  is  afterwards  dissolved  in  hydrochloric  acid,  its  so- 
lution is  rendered  alkaline  w4th  ammonia,  and  submitted  to  a 
cnrrent  of  sulphuretted  hydrogen.  The  precipitated  sulphides 
of  lead  and  bismuth  are  thoroughly  washed  and  dissolved  in 
dilute  nitric  acid.  The  solution  is  nearly  neutralized  with 
ammonia,  and  then  digested  with  a  little  hydrated  oxide,  or 
basic  nitrate  of  copper,  which  precipitates  the  oxide  of  bismuth, 
while  the  lead  remains  in  solution.  The  precipitate  is  tho- 
roughly washed,  dissolved  in  dilute  nitric  acid,  and  the  bismuth 
separated  from  the  copper  by  the  addition  of  excess  of  ammonia. 
The  oxide  of  bismuth  thus  obtained  is  purified  by  washing,  and 
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its  weight  determined  in  the  luroal  manner.  The  solution  con- 
taining the  nitrates  of  lead  and  copper  is  mixed  with  solution 
of  carbonate  of  soda ;  excess  of  acetic  acid  and  a  small  quantity 
of  bichromate  of  potassa  are  added,  and  the  chroraate  of  lead 
is  collected.  Should  the  copper  contain  iron,  that  metal  would 
be  obtained  as  oxide  together  with  the  bismuth.  When  this 
is  the  case,  which  maj  readily  be  known  by  the  brownish  tinge 
imparted  to  the  oxide  of  bismuth,  they  must  be  separated. 

An  extremely  delicate  method  of  testing  copper  for  bismuik 
is  the  following,  founded  upon  a  curious  reaction  exhibited  by 
iodide  of  potassium  in  the  joint  presence  of  lead  and  bismuth, 
first  noticed  by  Field.  About  100  grains  of  the  copper  to  be 
examined  are  dissolTcd  in  nitric  acid,  a  solution  of  nitrate  of 
lead  equal  to  about  6  grains  of  the  salt  is  added,  and  subse- 
quently ammonia  and  carbonate  of  ammonia.  The  precipitate 
is  washed  with  ammoniacal  water  to  free  it  from  copper,  and 
dissolved  in  warm  acetic  acid.  Considerable  excess  of  iodide 
of  potassium  is  introduced,  and  the  liquid  is  warmed  until  the 
precipitate  disappears.  On  cooling,  crystalline  scales  make 
their  appearance,  which  by  their  colour  indicate  the  presence 
or  absence  of  bismuth.  I^  that  metal  be  absent,  the  scales  are 
brilliant  gold-colour,  but  if  it  be  present,  or  even  the  slightest 
trace,  they  assume  a  dark  orange  or  crimson  tint,  varying  in 
intensity  of  colour  according  to  the  amount  of  bismuth  present. 
If  it  be  desired  to  test  the  copper  for  arsenic,  the  nitrate  of 
lead  precipitate  is  digested  with  acetic  acid.  The  oxalates  of 
lead  and  bismuth  are  insoluble  in  acetic  acid,  but  it  dissolves 
the  arsenic. 

Analysis  cf  a  mixture  of  Oxides  of  Lead,  Bismuth,  Silvery 
Copper,  Meroury,  and  Cadmium, — To  a  diluted  solution,  car- 
bonate of  potassa  is  first  added,  and  then  excess  of  cyanide  of 
potassium ;  the  oxides  of  lead  and  bismuth  are  precipitated  in 
l^e  form  of  carbonates ;  they  are  received  on  a  filter,  washed, 
dissolved  in  nitric  acid,  and  the  oxide  of  lead  separated  from 
the  oxide  of  bismuth  by  dilute  sulphuric  acid,  as  directed 
(p.  871).  The  washing  from  the  precipitated  carbonates  beine 
mixed  with  the  filtrate,  excess  of  diluted  nitric  acid  is  added, 
the  silver  is  precipitated  as  cyanide,  in  the  form  of  which  salt 
it  is  estimated.  The  filtrate  from  the  cyanide  of  silver,  toge- 
ther with  the  washings,  are  again  neutralized  by  carbonate  of 
potassa,  a  fresh  quantity  of  cyanide  of  potassium  is  added,  and 
A  stream  of  sulphuretted  hydrogen  gas  is  passed  through  the 
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solution,  the  mercury  and  the  cadmium  are  precipitated  to  sul- 
phides :  the  whole  of  the  sulphide  of  copper  is  retained  in  so« 
lution  by  the  cyanide  of  potassium,  provided  a  sufficient  quan- 
tity of  that  reagent  has  been  added ;  to  ensure  this,  it  is  advi- 
sable to  add  a  fresh  portion  after  the  action  of  the  sulphuretted 
hydrogen.  The  precipitated  sulphides  of  mercury  and  cadmium, 
after  being  well  washed  on  the  filter,  are  decomposed  by  diges- 
tion with  aqua-regia,  the  solution  is  filtered  off  from  the  sul- 
phur, nearly  neutralized  with  potassa,  and  the  mercury  esti- 
mated as  subchloride.  The  cadmium  in  the  solution,  filtered 
from  the  subchloride  of  mercury,  is  precipitated  by  carbonate 
of  soda.  The  sulphide  of  copper,  which  remains  dissolved  in  the 
cyanide  of  potassium,  is  mixed  with  nitric  acid  and  evaporated 
with  the  addition  of  sulphuric  acid,  until  the  whole  of  the 
hydrocyanic  acid  is  expelled ;  the  sulphate  of  copper  retained 
in  solution  is  finally  precipitated  at  a  boiling  temperature  by 
caustic  potassa. 

179.  Palladium. 

This  metal  is  remarkable  for  its  great  affinity  for  cyanogen,  on 
which  property  is  founded  a  method  of  separating  it  from  its 
solutions;  cyanide  of  mercury  is  added,  the  solution  having  pre- 
viously been  neutralized  with  soda ;  a  bright  yellow  precipitate 
is  produced,  which,  by  drying,  becomes  yellowish-grey,  and  by 
ignition  is  decomposed,  metallic  palladium  of  a  blue  colour  re- 
maining in  the  crucible.  From  all  metals  which  are  not  preci- 
pitated by  sulphuretted  hydrogen,  palladium  may  be  separated 
Dy  that  reagent ;  the  resulting  sulphide  is  converted  by  heat 
into  basic  sulphate,  which,  being  dissolved  in  hydrochloric  acid, 
and  neutralized  with  soda,  is  precipitated  by  cyanide  of  mer- 
cury. 

Separation  of  Palladium  from  Copper. — In  crude  platinum 
ores  palladium  occurs  in  combination  with  copper.  Berzelius 
gives  the  following  process  for  separating  these  two  metals. 
(Poggendorf  8  *  Annalen,'  Band  xiii.  p.  561.)  Both  metals  are 
precipitated  from  an  acid  solution  by  sulphuretted  hydrogen. 
The  precipitated  sulphides  are  exposed  to  heat,  while  still  moist, 
and  roasted  as  long  aa  they  give  off  sulphurous  acid  ;  they  are 
thereby  converted  into  basic  sulphates  of  oxides.  These  salts 
are  disnolved  in  hydrochloric  acid,  the  solution  is  mixed  with 
chloride  of  potassium  and  nitric  acid,  and  then  evaporated  to 
dryness.     The  dark  saline  mass  thus  produced  contains  chloride 
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of  potasBiam,  chloride  of  copper  and  potassium,  and  chloride 
of  palladium  aud  potassium.  The  first  two  of  these  salts  are 
to  oe  extracted  by  alcohol,  specific  gravity  0*833  ;  the  palla- 
dium salt,  being  insoluble  therein,  remains  behind.  It  is  brought 
on  a  weighed  filter,  and  washed  with  alcohol ;  it  is  then  dried 
and  weighed ;  it  contains  2884  per  cent,  of  palladium.  The 
saline  mass  may  also  be  dissolvea  in  water,  and  precipitated 
with  cyanide  of  mercury.  The  alcoholic  solution  of  the  copper 
salt  is  evaporated  to  expel  the  spirit,  the  saline  mass  is  re- 
dissolved  in  water,  and  the  copper  precipitated  by  caustic  po- 
tassa. 

Palladium  has  been  imported  into  this  country  from  Brasil, 
alloyed  with  gold,  some  specimens  containing  5  or  6  per  cent, 
of  palladium.  The  operation  of  refining  is  thus  described  by 
Mr.  Cock  (Proc.  Chem.  Soc,  vol.  i.  p.  162).  The  gold  dust 
is  fused,  in  charges  of  about  7  lbs.  troy,  with  its  own  weight  of 
silver,  and  a  certain  quantity  of  nitre ;  the  effect  of  this  fusion 
is  to  remove  all  earthy  matter,  and  the  greater  part  of  the  base 
metals  contained  in  the  gold  dust,  and  in  the  silver  melted  with 
it.  The  fused  mixture  is  cast  into  ingot  moulds,  aud  when 
cooled,  the  flux  or  scorise  is  detached.  Two  of  the  bars  thus  ob- 
tained are  then  reraelted  in  a  plumbago  crucible,  with  such  an 
addition  of  silver  as  will  afford  an  alloy,  containing  one- fourth 
its  weight  of  pure  gold,  and  which,  first  being  well  stirred  to 
ensure  a  complete  mixture,  is  poured  through  a  perforated  iron 
ladle  into  cold  water,  and  thus  very  finely  granulated.  It  is 
then  ready  for  the  process  of  parting.  For  this  purpose  about 
25  lbs.  of  the  granulated  alloy  are  placed  in  a  porcelain  jar  upon 
a  heated  sand-bnth,  and  subjected  to  the  action  of  about  25 
lbs.  of  pure  nitric  acid,  diluted  with  its  own  bulk  of  water ; 
after  the  action  of  this  quantity  of  acid,  the  parting  of  the  gold 
is  very  nearlv  effected ;  but,  to  remove  the  least  portions  of 
silver,  etc.,  about  9  or  10  lbs.  of  strong  nitric  acid  are  boiled 
upon  the  gold  for  two  hours.  It  is  then  completely  refined, 
and,  after  being  washed  with  hot  water,  is  dried  and  melted 
into  bars  containing  15  lbs.  each. 

The  nitrous  gas,  and  the  vapour  of  nitric  acid  arising  during 
the  above  process,  are  conducted  by  glass  pipes  (connected  with 
the  covers  of  the  jars)  into  a  long  stoneware  pipe,  one  end  of 
which  slopes  downwards  into  a  receiver  for  the  condensed  acid, 
the  other  end  being  inserted  into  the  flue  for  the  purpose  of 
carrying  off  the  uncondensed  gas. 
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The  nitrate  of  silver  and  palladium,  obtained  as  above,  is 
carefully  decanted  into  large  pans,  containing  a  sufficient  quan- 
tity of  solution  of  common  salt  to  effect  the  precipitation  aa 
chloride,  of  the  whole  of  the  silver,  the  palladium  and  copper 
remaining  in  solution  in  the  mother-liquor,  which  is  drawn  off, 
and,  when  clear,  run  off,  together  with  the  subsequent  wash* 
ings  from  the  chloride  of  silver,  into  wooden  vessels,  and  the 
metallic  contents  are  then  separated  in  the  form  of  a  black 
powder,  by  precipitation  with  sheet  sine,  assisted  by  sulphuric 
acid.  The  chloride  of  silver,  when  washed  clean,  is  reduced  by 
the  addition  of  granulated  zinc  and  dilute  sulphuric  aoid, 
washed  on  the  filter  with  boiling  water,  dried,  and  melted  in 
plumbago  crucibles,  without  the  addition  of  any  flux.  From 
the  black  powder  obtained  as  above,  the  palladium  is  extracted 
by  re-solution  in  nitric  acid  and  supersaturation  with  ammonia, 
by  which  the  oxides  of  palladium  and  copper  are  first  precipi- 
tated and  then  redis8ol?ed,  while  those  of  iron,  lead,  etc.,  re« 
main  insoluble.  To  the  clear  ammoniacal  solution,  hydro* 
chloric  acid  in  excess  is  then  added,  which  occasions  a  copious 
precipitation  of  the  yellow  ammonio-chloride  of  palladium, 
from  which,  after  sufficiently  washing  it  with  cold  water  and 
ignition,  pure  metallic  palladium  is  obtained.  The  mother- 
liquor  and  washings  contain  all  the  copper  and  some  palladium, 
wiiich  are  recovered  by  precipitation  with  iron. 

180.  Bhodium. 

This  metal  is,  according  to  Berzelius,  (Poggendorff's  Annal., 
Band  xiii.  p.  254)  best  estimated  by  the  following  process: — ^The 
solution  is  mixed  with  excess  of  carbonate  of  p^a,  and  eva- 
porated to  dryness ;  the  dry  residue  is  then  ignited  in  a  plati- 
num crucible.  Upon  dissolving  the  mass  in  water,  peroxide  of 
rhodium  remains  behind,  which  is  brought  upon  a  filter,  and 
washed,  first  with  hvdrochloric  acid,  and  finally  with  water.  It 
is  then  ignited  with  the  filter,  and  subsequently  reduced  by 
hydrogen  gas.  The  reduction  is  so  easily  effected,  that  it  i« 
scarcely  necessary  to  assist  the  action  of  the  gas  by  the  appli» 
cation  of  heat. 

Separation  of  Rhodium  from  Copper, — Berzelius  directs  to 
pour  the  solution  into  a  flask  which  is  furnished  with  a  glass 
stopper,  and  to  saturate  it  with  sulphuretted  hydrogen  gas. 
The  flask  is  then  closed  and  allowed  to  remain  for  twelve  hours 
in  a  warm  situation.     The  sulphide  of  copper  is,  in  that  time 
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fully,  and  the  sulphide  of  rhodium,  for  the  most  part,  precipi- 
tated. The  solution  is  filtered,  and,  being  heated  and  eva- 
porated, yields  a  fresh  portion  of  sulphide  of  rhodium,  which 
is  added  to  the  other  sulphides.  These  are  placed,  while  still 
moist,  in  a  platinum  crucihle,  and  roasted  as  long  as  sulphurous 
acid  exhales.  When  the  roasting  is  finished,  the  mass  is  sub- 
jected to  the  action  of  concentrated  hydrochloric  acid,  peroxide 
of  rhodium  remains  undissolved,  and  is  reduced  by  hydrogen 
gas ;  the  copper  in  the  solution  is  precipitated  by  caustic  po- 
tassa. 

Bhodiwn  exists  together  with  iridium,  palladium,  osmium, 
etc.,  in  platinum  ores.  It  is  extracted  from  the  liquor  from 
which  the  palladium  haa  been  precipitated  by  cyanide  of  mer- 
cury,  by  the  following  process.  Hydrochloric  acid  is  added,  and 
the  solution  is  evaporated  to  dryness,  the  excess  of  cyanide  of 
mercury  is  decomposed,  and  transformed  into  chloride.  The 
dry  saline  mass  is  reduced  to  a  very  fine  powder  and  washed 
with  alcohol,  sp.  gr.  0-837.  The  double  cnlorides  of  sodium 
and  platinum,  sodium  and  iridium,  sodium  and  copper,  and  so- 
dium and  mercury,  are  dissolved,  but  the  double  chloride  of 
flodium  and  rhodium  remains  behind  in  the  form  of  a  fine  red 
powder.  It  is  washed  with  alcohol  and  decomposed  by  gently 
oeating  in  a  current  of  hydrogen  gas,  by  which  the  chloride  of 
rhodium  is  reduced,  and  the  metal  is  subsequently  separated 
from  the  chloride  of  sodium  by  water.  Another  method  of 
treating  the  saline  mass  is  to  mix  it  with  about  twice  its  weight 
of  carbonate  of  potassa,  and  to  calcine  the  mixture.  The 
residue  is  treated  with  water,  and  the  copper  dissolved  out  by 
hydrochloric  acid.  The  residual  mass  is  next  mixed  carefully 
with  five  times  its  weight  of  anhydrous  bisulphate  of  potassa 
and  heated  to  redness  in  a  well-rovered  platinum  crucible;  the 
heat  is  continued  till  the  mixture  is  about  to  solidify.  The 
oxide  of  rhodium  dissolves  in  the  bisulphate  of  potassa.  The 
saline  mass  is  extracted  with  boiling  water,  and  the  process  is 
repeated  with  fresh  bisulphate  as  long  as  the  salt  continues  to 
receive  colour ;  excess  of  carbonate  of  soda  is  poured  into  the 
aqueous  extract,  the  whole  is  evaporated  to  dryness,  and  the 
residue  is  calcined ;  the  residue  is  again  treated  with  boiling 
water ;  oxide  of  rhodium  remains  undissolved,  and  is  then  in 
a  state  to  be  reduced  by  hydrogen  gas. 
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181.  Osmium  and  Euthenium. 

The  first  of  these  metals,  which  is  found  in  combination 
-with  iridium  in  platinum  ores,  is  extracted  by  the  following 
process  (Berzelius's  *  Trait6  de  Chimie')  : — The  grains  of  o*- 
mium-iridium,  which  are  exceedingly  hard,  are  reduced  to  a 
very  fine  powder,  which  is  then  digested  with  hydrochloric 
acid,  to  remove  the  iron  which  has  become  rubbed  from  the 
mortar  during  the  operation  of  trituration ;  it  is  then  dried, 
mixed  with  nitre,  and  heated  gradually  to  redness  in  a  porce- 
lain retort  connected  with  a  receiver  containing  caustic  am- 
monia. During  this  operation  both  metals  become  oxidized, 
and  a  portion  of  the  oxide  of  osmium,  or  osmic  acid,  which 
is  volatile,  is  carried  forward  with  the  nitric  oxide  gas, 
and  condensed  in  the  ammonia,  to  which  it  communicates  a 
yellow  colour.  Another  portion  is  condensed  on  the  sides  of 
the  receiver  in  the  form  of  a  crystalline  ma«s.  All  disengage- 
ment of  gas  having  ceased,  the  apparatus  is  allowed  to  cool, 
the  receiver  containing  the  ammonia  is  then  removed,  and  the 
mass  which  remains  in  the  retort  is  dissolved  in  water.  The 
solution  is  of  a  deep-brown  colour,  and  contains  a  combination 
of  the  two  oxides  with  potassa.  It  must  not  be  filtered,  since 
the  organic  matter  of  the  paper  decomposes  it.  It  is  there- 
fore at  once  distilled,  at  a  gentle  heat,  in  a  retort  connected 
with  a  receiver,  and  the  greater  part  of  the  liquor  drawn 
over.  This  liquor,  which  is  colourless,  and  possessed  of  a 
strong  and  disagreeable  odour,  contains  the  osmium  in  the 
form  of  osmic  acid.  The  following  method  of  extracting  iri- 
dium and  osmium  from  the  pulverulent  residue,  after  digest- 
ing platinum  ore  with  aqua-regia,  was  proposed  by  Wohler. 
The  residue  is  mixed  with  an  equal  weight  of  dry  and  finely 
pulverized  common  salt,  heated  to  redness  in  a  long  glass 
tube,  and  a  stream  of  chlorine  sent  through,  as  long  as  it  con- 
tinues to  be  absorbed.  In  this  operation,  the  titanate  of  iron 
is  not  attacked,  but  there  are  formed  compounds  of  iridium 
and  osmium  with  chloride  of  sodium ;  much  osmic  acid  is  also 
disengaged,  being  expelled  with  the  aqueous  vapour  intro- 
duced with  the  chlorine  gas ;  this  is  condensed  in  a  receiver 
containing  ammonia,  which  is  adapted  to  the  tube.  When  no 
more  chlorine  is  absorbed,  the  contents  of  the  tube  are  treated 
with  water,  which  dissolves  the  double  salts  of  iridium  and 
osmium.    The  solution  has  a  deep  red-brown  colour.     The 
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titanate  of  iron  and  other  matters  remain  undissolved.  The 
solution  is  then  distilled,  by  which  much  osroic  acid,  arising 
from  the  decomposition  of  the  chloride  of  osmium,  is  removed, 
and  is  condensed  in  a  receiver  containing  ammonia ;  when  no 
more  osmic  acid  passes  over,  the  distillation  is  stopped,  and 
the  residual  liquor,  after  being  filtered,  is  mixed  with  excess 
of  carbonate  of  soda,  evaporated  to  dryness,  and  the  residue 
feebly  calcined.  It  consists  of  a  mixture  of  suboxide  of  iridium 
with  chloride  of  sodium ;  the  latter  is  dissolved  out  by  water, 
The  suboxide  of  iridium  is  not,  however,  pure,  it  still  contains  a 
notable  quantity  of  iron  and  of  osmium ;  the  former  is  removed 
by  reducing  the  oxide  to  the  metallic  state  in  a  current  of 
hydrogen  gas,  and  then  acting  on  the  residue  with  concen- 
trated hydrochloric  acid.  Under  this  treatment  the  platinum 
residue  loses  in  general  from  25  to  80  per  cent,  of  its  weight ; 
it  is  not,  however,  exhausted ;  and,  by  a  second  treatment  with 
chloride  of  sodium,  a  further  amount  of  5  or  6  per  cent,  of  a 
mixture  of  osmium,  iridium  and  iron  may  be  extracted.  From 
the  residue  a  small  quantity  of  platinum  may  generally  be  dis- 
solved out  by  aqua-regia ;  it  not  unfrequently  also  contains 
chloride  of  silver,  which  may  be  separated  by  ammonia. 

The  following  modification  of  this  process  has  been  recom- 
mended by  Fritzsche  (Journ.  fur  Prakt.  Chem.,  xxxvii.  p. 
483)  : — Equal  portions  of  caustic  potassa  and  chlorate  of  po- 
tassa  are  melted  together  in  a  very  spacious  porcelain  cruci- 
ble over  a  spirit-lamp,  and  into  the  nised  mass  is  conv^ed 
about  three  times  its  weight  of  osmium-iridium,  without  first 
reducing  it  to  powder.  As  soon  as,  on  further  heating,  the 
chlorate  of  potassa  liberates  oxygen,  the  fused  mass  begins  to 
act  on  the  osmium-iridium.  The  mass  froths  violently,  so 
that  the  heat  must  be  moderated  when  it  becomes  more  tena- 
cious ;  the  action  at  last  proceeds  without  any  further  heating, 
the  mass  becomes  nearly  black,  and  the  operation  is  discon- 
tinued as  soon  as  the  frothing  has  ceased.  During  the  whole 
operation  not  a  trace  of  osmium  vapours  is  perceptible,  but  a 
slight  evolution  commences  on  the  solidification  of  the  mass, 
which  is  increased  by  further  heating ;  this,  however,  is  unne- 
cessary, so  that  there  is  scarcely  any  trouble  with  the  vapours 
of  osmic  acid.  Six  hundred  grammes  of  osmium-iridium  may 
be  fused  with  ease  in  a  porcelain  crucible  capable  of  hold- 
ing 2  lbs.,  with  100  grammes  of  caustic  potassa  and  chlorate  of 
potassa,  over  a  spirit-lamp.    The  operation  scarcely  lasts  an 
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hour,  and  at  least  50  grammes  are  decomposed.  On  treating 
the  fused  mass  with  water,  an  orange-coloured  solution,  con- 
taining osmium  and  ruthenium,  is  obtained,  and  a  blackish-blue 
precipitate,  which  may  very  easily  be  separated  by  suspension 
from  the  undeeom posed  iridium^tmium. 

By  the  above  process  of  Berzelius,  iridium  cannot  be  com- 
pletely separated  from  osmium,  for,  on  heating  the  former 
while  exposed  to  the  air,  vapours  of  osmic  acid  are  always 
disengaged.  In  order  to  complete  the  separation  of  these  two 
metals,  the  following  method  is  employed  by  Fremy  ('Comptes 
Bendus,'  Jan.  22,  1844) : — 100  grammes  oif  the  residue  of  the 
platinum  workings  are  mixed  with  300  grammes  of  nitre ;  the 
mixture  is  introduced  into  a  large  crucible  and  kept  for  an 
hour  at  a  red*heat  in  a  wind  furnace.  After  this  calcination 
the  mass  is  poured  on  a  metallic  plate,  which  operation  should 
be  performed  in  the  open  air,  and  it  is  even  indispensable  to 
cover  the  face,  for  without  this  precaution  the  vapours  of 
osmic  acid  would  act  violently  on  the  skin.  During  the  cal- 
cination with  nitre,  a  certain  qunntity  of  osmic  acid  is  lost, 
but  it  was  found  that  the  proportion  of  this  acid  which  might 
be  condensed  would  never  repay  the  inconveniences  of  calcining 
in  a  porcelain  crucible.  The  decanted  mass,  which  contains 
the  osmiate  and  iridiate  of  potassa,  is  treated  in  a  retort  with 
nitric  acid,  which  liberates  the  osmic  acid,  which  is  condensed 
in  a  concentrated  solution  of  potassa.  The  residue  is  treated 
with  water,  which  removes  the  nitre,  and  it  is  then  acted  upon 
with  hydrochloric  acid,  which  dissolves  the  oxide  of  iridium. 
In  this  manner  the  osmium  is  obtained  in  the  state  of  osmiate 
of  potassa,  and  the  iridium  in  that  of  soluble  chloride.  Into 
the  solution  of  osmiate  of  potassa  Fremy  pours  a  small  quan- 
tity of  alcohol ;  the  liquid  becomes  heated,  acquires  a  red  tint, 
and  deposits  a  crystalline  powder  of  osmit^  of  potassa ;  in  this 
case  the  osmium  is  frequently  precipitated  entirely  from  solu- 
tion. The  salt  may  be  washed  with  alcohol,  which  does  not 
dissolve  it,  and  it  then  may  be  preserved  without  alteration. 
All  the  compounds  of  osmium  may  be  prepared  from  it.  On 
treating  it  with  a  cold  solution  of  sal-ammoniac,  it  dissolves  at 
first,  and  is  then  decomposed,  giving  rise  to  a  new  yellow  salt, 
scarcely  soluble  in  cold  water.  This  salt,  which  is  so  easily 
prepared,  affords,  on  calcination  in  a  current  of  hydrogen, 
perfectly  pure  osmium. 

To  extract  the  iridium^  Fremy  treats  the  chloride  obtained 
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as  above  with  sal-ammoniac,  a  reddish-brown  precipitate  is 
formed,  consisting  of  a  combination  of  the  bichlorides  of  os- 
minm  and  iridium  with  sal*ammoniac.  To  separate  these  two 
double  salts  a  stream  of  tulphttrous  acid  is  passed  into  the 
water  in  which  they  are  suspended,  the  double  salt  of  iridium 
is  decomposed,  chloride  of  iridium  is  formed,  which  is  very 
soluble  in  water;  the  double  salt  of  osmium  undergoes  no 
change,  it  remains  in  the  state  of  a  red  salt.  The  soluble  salt 
of  iridium  crystallizes  in  large  brown  prisms  out  of  solutions 
in  sal-ammoniac  ;  it  is  therefore  easy  to  purifj  it  when  calcined 
in  a  current  of  hydrogen  ;  it  affords  metallic  iridium  in  a  state 
of  purity. 

Besides  iridium  and  osmiumy  another  metal  has  been  found 
in  the  platinum  residues  by  Professor  Clauss  (Bullet,  de  la 
Classe  Physico-Math.   de  TAcad.  de  St.  Petersbourg,  t.  iii. 
p.  311).     It  is  called  by  its  discoverer  ruthenium.     He  pre- 
pared it  in  the  following  manner : — The  residue,  which  had 
been  once  fused  with  nitre  and  extracted  with  water  and  acids, 
was  mixed  with  an  equal  quantity  of  nitre,  and  kept  at  a  white- 
heat  in  a  Hessian  crucible  for  two  hours.   The  mass  was  taken 
out  while  still  red-hot,  with  an  iron  spatula,  and,  after  cool*, 
ing,  was  reduced  to  a  coarse  powder,  which  was  extracted  with 
distilled  water,  leaving  it  to  stand  with  it  till  it  became  clear ; 
the  perfectly  clear  liquid,  which  was  of  a  dark  yellow  colour, 
was  then  decanted.    It  could  not  be  filtered,  since  it  was  de- 
composed by  the  action  of  the  organic  matter  of  the  paper. 
It  contained  rutheniate,  chromate,  and  nlicate  of  potassa,  not 
a  trace  of  either  rhodium  or  iridium^  and  only  a  very  minute 
trace  of  osmiaie  of  potassa.    Nitric  acid  was  cautiously  added 
to  this  solution,  until  the  alkaline  reaction  of  the  liquid  had 
disappeared :  oxide  of  ruthenium  and  potassa,  and  some  sili- 
cic acid,  were  hereby  precipitated  in  the  form  of  a  velvet 
black  powder,  while  chromate  of  potassa  remained  imdissolved. 
After  eduloorntion,  the  oxide  of  ruthenium  and  potassa  was 
dissolved  in  hydrochloric  acid,  and  the  solution  was  evapo* 
rated  till  the  silica  separated  as  a  gelatinous  mass.    It  was 
then  diluted  with  water  and  filtered.     It  could  not  be  evapo* 
rated  to  dryness  for  the  more  complete  separation  of  the. 
silica,  because  the  chloride  of  ruthenium  was  thereby  decom- 
posed into  an  insoluble  protochloride.    The  filtered  solution, 
which  is  of  a  very  beautiful  orange-yellow  colour,  was  eva- 
porated down  to  a  very  small  volume,  and  mixed  with  a  concen- 
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trated  solution  of  chloride  of  potassium,  when  the  salt  ECl 
+  Bu  Cl^  separated  in  reddisb-brown  crystals.  A  furtber  quan* 
tity  was  obtained  by  evaporating  the  liquid  decanted  from  the 
crystals.  The  salt  was  furtber  purified  by  recrystallization. 
Clauss  has  hitherto  only  been  able  to  obtain  the  metal  as  a 
blackish-grey  powder,  which  is  considerably  lighter  than  iri^ 
dium :  the  aqueous  solution  of  the  chloride  is  precipitated  in 
the  form  of  a  black  oxide  by  ammonia,  by  which  it  is  distin- 
guished from  all  the  other  platinum  metals,  none  of  wbich  are 
precipitated  by  ammonia  at  the  ordinary  temperature.  If  a  slip 
of  zinc  be  inserted  in  the  solution  of  the  orange-coloured  cblo- 
ride  acidified  witb  hydrochloric  acid,  a  black  metallic  powder 
is  after  a  time  deposited,  the  liquid  acquires  a  dark  indigo- 
blue  colour,  but  subsequently,  after  the  whole  of  the  metal  is 
deposited,  becomes  colourless. 


QEOTJP  v.— Section  B. 

Antimony,  Arsenio,  Tin,  Platinum,  Iridium,  Gk>ld,  Se- 
lenium, Tellurium,  Tungsten,  Molybdenum,  Tita- 
nium. 

182.  Antimony. 

This  metal  is  quantitatively  estimated  as  sulphide,  as  anti^ 
monious  acid,  and  tLspure  metal. 

Precipitation  as  Sulphide,. — The  solution  is  diluted  with 
water,  and  sufiicient  tartaric  acid  added  to  redissolve  any  basic 
salt,  which  the  addition  of  water  may  have  precipitated.  A 
stream  of  washed  sulphuretted  hydrogen  gas  is  then  conducted 
through  the  solution  until  it  smells  strongly  of  it ;  it  is  allowed 
to  remain  at  rest  for  some  time  in  a  moderately  warm  situation, 
till  the  excess  of  sulphuretted  hydrogen  has  been  expelled.  If 
the  solution  under  examination  contain  antimony  in  the  state 
of  oxide  only,  the  precipitated  sulphide  may  be  then  collected 
on  a  weighed  filter,  washed  thoroughly  witb  distilled  water, 
dried  at  212°,  and  weighed.    Its  composition  is 

One  equivalent  of  Sb      .     .     120     .     .    71-48 
Three    ditto      of  S  .     .     .      48      .     .    28*67 

One       ditto      of  SbSj      .    168     .    .  10000 
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Biit  if  any  of  the  higher  oxides  of  antimony  are  also  present, 
which  will  always  be  the  case  when  the  compound  under  ex- 
amination is  dissolved  in  aqua-regia,  correct  results  cannot  be 
obtained  by  simply  weighing  the  precipitated  sulphide,  its 
composition  being  variable.  In  this  case  the  sulphide  must  be 
decomposed  by  nitric  acid,  and  the  amount  of  sulphur  present 
determined  by  converting  it  into  sulphuric  acid  in  the  following 
manner : — The  sulphide  is  collected  on  a  filter,  dried  at  212  , 
and  its  weight,  filter  included,  accurately  determined ;  a  por- 
tion is  then  removed  for  analysis,  the  weight  of  this  portion  is 
noted ;  it  is  digested  in  a  flask  with  fuming  nitric  acid,  care- 
fully added  at  first,  the  action  generally  being  very  energetic  ; 
hydrochloric  acid  is  then  added,  and  heat  applied  and  continued 
for  some  time  ;'if  a  clear  solution  be  obtained,  it  is  diluted  with 
water,  tartaric  acid  being '  added  to  redissolve  any  basic  salt 
which  may  be  thereby  precipitated.  The  sulphuric  acid  formed 
by  the  oxidation  of  the  sulphur  is  precipitated  in  the  form 
of  sulphate  of  baryta  by  chloride  of  barium  :  it  is  received  ou 
a  filter,  well  washed  with  boiling  distilled  water,  ignited,  and 
weighed :  from  the  weight  obtained,  the  amount  of  sulphur  is 
calculated,  which,  being  deducted  from  the  weight  of  the  sul- 
phide of  antimony  operated  on,  gives  the  quantity  of  metal ; 
should  it  happen  that  a  portion  of  the  sulphur  escaped  oxida- 
tion by  the  nitric  acid,  the  solution  will  not  be  clear ;  in  this 
case,  the  solution,  having  been  diluted  with  water  with  the 
requisite  addition  of  tartaric  acid,  is  passed  through  a  weighed 
filter,  and  the  weight  of  the  separated  sulphur,  after  being 
well  wushed  and  dried  on  the  filter  at  212  ,  is  added  to  that 
calculated  from  the  sulphate  of  baryta.  It  may  be  observed, 
that  it  is  easy  to  see  whether  sulphide  of  antimony  precipi- 
tated from  the  original  solution  by  sulphuretted  hydrogen  is 
the  sulphide  corresponding  to  Sb  O3 :  a  small  weighed  portion 
of  it  is  boiled  in  a  test  tube  with  hydrochloric  acid,  if  a,  clear 
solution  be  obtained,  the  sulphide  is  SbSg,  and  the  remainder 
may  at  once  be  weighed  and  calculated,  but  if  it  do  not  com- 
pletely dissolve,  it  contains  a  mixture  of  one  or  more  of  the 
higher  sulphides,  and  the  residue  must  be  treated  as  above 
directed.  Two  other  methods  have  been  proposed  for  treating 
the  mixed  sulphides :  one  is  to  decompose  them  at  a  gentle 
heat  in  a  current  of  dry  hydrogen  gas,  oy  which  operation  the 
sulphur  is  removed  partly  as  sulphur,  and  partly  as  sulphuretted 
hyarogen,  metallic  antimony  being  left  behind ;  the  other  is  to 
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heat  the  mixture  in  a  small  retort  out  of  contact  of  air,  hy 
which  all  the  higher  sulphides  are  converted  into  the  lowest ; 
neither  of  these  methods,  however,  gives  such  correct  results 
as  the  first.  When  the  reduction  process  is  adopted,  it  is  im- 
possible to  regulate  the  heat  so  as  to  prevent  the  volatilization 
of  a  small  portion  of  the  antimony,  and,  in  the  process  of 
heating  the  sulphides  out  of  contact  of  air,  a  portion  of  SbS^ 
is  volatilized,  and  another  portion  is  reduced  to  oxide,  which  is 
sublimed  together  with  the  sulphur. 

Estimation  as  Aniimonious  Acid, — The  compound  is  evapo- 
rated with  nitric  acid,  and  the  residue  ignited  as  long  as  it  con- 
tinues to  lose  weight :  its  composition  is : — 

One  equivalent  of  Sb    .    .    .    120    •    .    78*94 
Pour     ditto     of  0     .    .    .     ^    .     .    2106 

One       ditto     of SbO^      .    •    152    •     .  10000 

Dilute  solutions  of  antimonv  in  which  the  amount  of  metal 
is  to  be  determined,  must  not  be  concentrated  bj  evaporation 
when  thej  contain  hydrochloric  acid,  as  is  almost  always  the 
case,  because  terchloride  of  antimony  escapes  with  the  vapour 
of  acid.  The  volatilization  of  the  metal  cannot  be  prevented 
by  the  addition  of  sulphuric  acid,  but  it  may  be,  pretty  nearly, 
by  nitric  acid.  The  estimation  of  sulphur  in  precipitated  sul- 
phide of  antimony  may  be  made  by  treating  a  weighed  quantity 
of  it  with  hydrochloric  acid ;  terchloride  of  antimony  {Sb  GI3), 
corresponding  in  composition  to  teroxide  of  antimony  (SbOg), 
is  formed,  and  the  equivalent  quantity  of  sulphur  escapes  in 
the  form  of  sulphuretted  hydrogen.  The  remainder  of  the 
sulphur  separates  in  the  solid  form,  and  after  boiling  with 
hydrochloric  acid  it  may  be  collected  on  a  fQter,  washed  first 
with  water,  containing  some  hydrochloric  and  tartaric  acids, 
and  lastly  with  pure  water ;  its  weight  indicates  the  amount  of 
the  sulphide  of  antimony  (Rose). 

Assay  of  Antimony  Ores  (Level,  Ann.  de  Ghim.  et  de  Phys., 
3  ser.  xlvi.  p.  472). — 100  parts  of  the  ore  (the  sulphide)  are 
mixed  with  200  of  ferrocyanide  of  potassium  (anhydrous), 
covered  with  50  parts  of  cyanide  of  potassium,  and  heated  to 
a  dull  red'heat  in  an  iron  crucible ;  a  re^ulus  of  metallic  anti- 
mony is  obtained,  which,  according  to  the  autlior,  represents 
nearly  exactly  the  quantity  contained  in  the  ore.  Ores  of  lead 
may  be  assayed  in  a  similar  manner. 
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183.  Absbkic. 

This  metal  may  be  quantitatively  estimated  as  arsenic  acid 
by  combining  it  with  oxide  of  lead,  and  as  ammonio-argenate  of 
magnesia  ;  it  may  also  be  conveniently  weighed  as  sulphide* 

Quantitative  estimation  hy  Protoxide  of  Lead, — To  ensure 
the  metal  being  in  the  state  of  arsenic  acid,  the  compound 
under  examination  (which  must  contain  no  other  acid)  is  di- 
gested with  aqua-regia,  and  carefully  evaporated  to  dryness ; 
the  residue,  after  being  somewhat  more  strongly  heated  in  a 
platinum  crucible,  is  dissolved  in  water,  and  a  known  weight 
of  recently  ignited  and  pure  protoxide  of  lead  added ;  the  mix- 
ture is  carefully  evaporated  to  dryness,  and  gently  ignited  :  the 
amount  of  arsenic  acid  present,  is  learnt  from  the  increase  in 
weight,  and  from  this  the  quantity  of  arsenic  is  calculated. 

Estimation  as  Sulphide, — For  this  purpose  the  arsenic  must 
be  in  the  form  of  arsenious  acid,  to  ensure  which,  the  solution 
of  the  compoimd  should  be  mixed  with  a  concentrated  aqueous 
solution  of  sulphurous  acid,  and  gradually  heated  to  gentle 
ebullition  in  a  flask ;  the  heat  must  be  maintained  till  the  whole 
of  the  excess  of  sulphurous  acid  is  expelled ;  hydrochloric  acid 
is  now  added,  and  a  stream  of  washed  sulphuretted  hydrogen 
IS  conducted  through  the  liquid,  till  it  smells  strongly  of  it. 
It  must  not  be  immediately  filtered,  because  the  sulphuretted 
hydrogen  liquor  may  hold  in  solution  a  portion  of  sulphide  of 
arsenic.  It  is  set  aside  in  a  warm  place,  until  the  excess  of 
sulphuretted  hydrogen  gas  is  expelled.  Fresenius  recommends 
that  this  be  done  by  transmitting  through  the  solution  a  stream 
of  washed  carbonic  acid  gas.  The  liquid  being  freed  from  sul- 
phuretted hydrogen,  is  passed  through  a  weighed  filter,  washed 
with  hot  distilled  water,  dried  at  212°,  and  weighed.  Its  com- 
position is — 

One  equivalent  of  As      .     .      75     .     .     6097 
Three    ditto      of  S    .     .     .     _48    .     .    3903 

One       ditto      of  AsSj  .     .     123     .    .  10000 

Should  the  process  of  treating  the  solution  with  sulphurous 
acid  not  have  been  adopted,  and  if  there  is  reason  for  supposing 
that  a  portion  of  the  arsenic  may  have  been  in  a  higher  state  of 
oxidation  than  that  of  arsenious  acid,  and  if,  moreover,  there 
should  be  present  certain  other  substances  capable  of  decom- 
posing sulphuretted  hydrogen,  such  as  chromic  acid,  peroxide 
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of  irarit  ^^c-*  then  the  sulphide  of  arsenic  canuot  be  weighed 
A>B  the  purpose  of  estimating  the  metal,  until  after  the  excess 
of  sulphur  has  been  removed :  this  is  done  precisely  in  the 
same  manner  as  has  been  directed  in  the  case  of  sulphide  of 
antimony  with  excess  of  sulphur,  viz.  by  conyerting  the  free 
sulphur  into  sulphuric  acid,  and  determining  its  amount  in  the 
form  of  sulphate  of  baryta. 

A  solution  of  pentasulphide  of  arsenic  (AsSg)  in  sulphide  of 
ammonium  yields  instantly  a  precipitate  of  ariimonio-arsenate 
of  magnesia  with  a  solution  of  magnesia.  According  to  Lessen 
(Ann.  der  Chem.  und  Ph.),  sulphides  of  tin  and  antimony  are 
not  precipitated  under  the  same  conditions. 

Estimation  as  Arsenate  of  Magnesia  and  Ammonia, — For  this 
purpose  the  arsenic  must  be  in  the  form  of  arsenic  acid,  to 
which,  if  in  a  lower  state  of  oxidation,  it  must  be  brought  by 
warming  the  solution  with  hydrochloric  acid,  and  then  adding 
chlorate  of  potassa  in  small  quantities  at  a  time,  till  the  fluid 
smells  strongly  of  chlorous  acid ;  it  is  then  aHowed  to  cool, 
ammonia  in  excess  added,  and  then  a  mixture  of  chloride 
of  ammonium  and  sulphate  of  magnesia;  the  solution  ia 
allowed  twelve  hours  thoroughly  to  precipitate,  and  is  then 
filtered  through  a  weighed  filter,  the  precipitate  washed  witb 
ammoniacal  water,  dried  at  212°  F.,  and  weighed.  Its  compo- 
sition is — 

Two  equivalents  of  MgO 4032  .  .  21' 18 

One      ditto        of  NH^O 2600  .  .  13*66 

One      ditto        of  AsOg 11500  .  .  60'43 

One      ditto        of  HO  .     .     .     .     .     .  900  .  .  473 

One  ditto  of  (2MgO,NH40,AB06,HO)   19032  10000 

As  the  mixture  of  chloride  of  ammonium,  sulphate  of  magnesia, 
and  ammonia,  is  of  constant  use  in  the  laboratory  for  the  deter- 
mination of  phosphoric  acid,  it  should  be  kept  ready  prepared 
by  dissolving  1  part  of  crystallized  sulphate  of  magnesia  and 
1  part  of  chloride  of  ammonium  in  8  parts  of  water  and  4  parts 
of  solution  of  ammonia,  allowing  the  fluid  to  stand  at  rest  for 
several  days,  and  then  filtering  (Fresenius). 

According  to  Kose  (Poggendorff''s  *  Annalen  der  Physik  und 
Chemie,'  vol.  cxvi.  p.  453)  the  arsenates  of  iron,  mamganese^ 
zinc,  lead,  and  copper  may  be  successfully  analysed  by  odcina* 
tion  with  sulphur  in  a  current  of  hydrogen,  the  arsenic  volati- 
lizing as  sulphide,  the  base  remaining  under  the  form  of  fixed 
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sfilphide.  In  many  instances  arsenic  acid  maj  be  expelled  from 
arsenates  by  calcination  with  chloride  of  ammonium ;  the  alka« 
Hhe  arsenates  are  transformed  into  chlorides  by  a  single  calci- 
nation, the  earthy  arsenates  offer  more  resistance,  and  in  the 
case  of  arsenate  of  magnesia  the  arsenic  acid  is  never  com- 
pletely expelled.  The  analysis  of  native  arsenate  of  iron  may 
pe  perfectly  effected  by  sulphuretted  hydrogen:  a  weighed 
quantity  of  the  ore  is  heated  to  faint  redness  in  a  current  of 
the  gas ;  both  metals  are  converted  ipto  sulphides ;  the  sulphide 
of  arsenic  is  completely  volatilized,  and  the  sulphide  of  iron, 
which  does  not  contain  a  trace  of  arseuic,  is  dissolved  in  hydro- 
chloric acid,  peroxidized  by  chlorate  of  potassa,  and  precipitated 
by  ammonia.. 

Separation  of  Arseniotti  from  Arsenic  Acid  (Fresenius). — 
The  solution  containing  the  two  acids  is  divided  into  two  equal 
portions ;  in  one,  the  arsenic  acid  is  reduced  to  arsenious  acid 
by  sulphurous  acid,  and  the  whole  then  precipitated  by  sulphu- 
retted hydrogen :  the  precipitated  sulphide  of  arsenic  is  washed, 
dried  at  212^,  and  weighed.  The  arsenious  acid  in  the  other 
half  of  the  solution  is  converted  into  arsenic  acid  by  chlorine, 
for  which  purpose  it  is  mixed  with  hydrochloric  acid,  and  solu- 
tion  of  indigo  added  till  the  fluid  acquires  a  blue  colour. 
Chloride  of  lime,  containing  a  known  amount  of  chlorine,  is 
then  added  from  a  weighed  solution,  until  the  blue  colour  dis- 
appears :  from  the  quantity  consumed,  the  amount  of  chlorine 
used  is  calculated.  This  operation  depends  on  the  circum- 
stance, that  every  equivalent  of  arsenious  acid  requires  twa 
equivalents  of  chlorine  to  convert  it,  in  the  presence  of  water, 
into  arsenic  acid :  thus — 

A80s  +  2Cl+2HO=A805  +  2HCl. 

By  calculating  the  resulting  quantity  of  arsenious  acid  upon 
sulphide  of  arsenic,  and  subtracting  the  weight  of  this  from  the 
total  weight  obtained  from  the  first  portion  of  the  solution, 
the  amount  of  arsienic  acid  originally  contained  in  the  latter 
is  found.  A  simpler  method  is  to  precipitate  the  arsenic  acid 
as  arsenate  of  magnesia  and  ammonia,  and  to  determine  the 
amount  of  arsenious  acid  in  the  filtrate  by  sulphuretted  hy- 
drogen. 

Separation  of  Arsenic  from  Antimony. — When  the  compound 
of  the  two  metals  is  in  the  reguline  state,  the  arsenic  may  be 
expelled  by  heating  out  of  contact  of  air;  when,  however,  other 
metals  are. also  present,  this  process  cannot  be  adopted,  since 
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most  other  metals  retain  a  part  of  the  arseDic  when  at  a  red- 
heat.     In  this  case  Beveral  methods  have  been  proposed : — 

(I.)  The  substance  is  dissolved  in  aqua-regia,  tartaric  acid  is 
added,  the  solution  is  dissolved,  and  the  antimonv  and  arsenic 
are  together  precipitated  by  sulphuretted  hydrogen :  the  sul- 
phides are  intimately  stirred  together,  collected  on  a  filter, 
dried  at  a  very  gentle  heat,  and  weighed.  From  a  weighed 
portion,  the  amount  of  sulphur  is  determined  by  dissolving  it 
m  aqua-regia,  and  having  .added  tartaric  acid  and  diluted  with 
water,  precipitating  the  sulphuric  acid  formed  by  chloride  of 
barium.  Another  weighed  portion  of  the  mixed  sulphides  is 
heated  in  a  tube,  through  which  a  stream  of  hydrogen  gas  is 
passing ;  the  excess  of  sulphur  and  the  sulphide  of  arsenic  are 
expelled,  leaving  the  sulphide  of  antimony,  which  may  then  be 
weighed.  This  method,  when  carefully  performed,  is  capable^ 
according  to  Bose,  of  affording  a  result  only  about  a  half  per 
cent,  from  truth ;  the  proportion  of  arsenic  present  is  calcu- 
lated from  the  loss,  the  united  weight  of  both  metals  having  by 
the  first  experiment  been  determined  in  the  state  of  sulphide. 

(2.)  Behren^s  method. — The  arsenic  and  antimony  are  con- 
verted into  sulphides,  and  to  the  mixture  is  added,  while  still 
moist,  an  equal  volume  of  neutral  nitrate  of  lead,  and  about  as 
much  water.  The  mass  is  boiled  in  a  porcelain  dish,  being 
stirred  without  interruption,  and,  the  water  which  evaporates 
being  renewed  until  the  whole  has  acquired  a  dark-brown 
colour,  it  is  then  filtered.  The  residue  contains  the  entire 
amount  of  antimony,  and  a  portion  of  the  arsenic.  The  solution 
contains  the  arsenic  in  the  state  of  arsenious  acid,  nitric  acid, 
and  oxide  of  lead ;  it  is  heated  with  carbonate  of  ammonia,  as 
long  as  a  precipitate  is  formed'.  To  the  liquid  filtered  from  the 
carbonate  of  lead,  8on)e  hydrochloric  acid  is  added,  until  it  has 
an  acid  reactiou;  sulphuretted  hydrogen  gas  is  then  trans* 
mitted  through  the  solution,  and  the  sulphide  of  arsenic  thus 
obtfiined  has  no  trace  of  antimony.  To  separate  the  arsenic 
contained  in  the  state  of  sulpharsenide  of  lead,  in  the  mass 
which  remained  on  the  first  filtration,  M.  Behren  digests  it  at 
a  gentle  heat  with  caustic  ammonia,  which  converts  the  sulph- 
arsenide of  lead  into  sulphide  of  lead,  and  sulphide  of  arsenic, 
which  latter  dissolves  in  ammonia.  To  the  filtered  solution, 
hydrochloric  acid  is  added,  and  the  sulphide  of  arsenic  precipi- 
tated, is  added  to  that  first  obtained. 

f  reaenius  objects  to  the  precipitation  of  the  lead  in  the  so- 
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lution  containing  the  arsenic  by  carbonate  of  ammonia ;  he  pre- 
fers separating  the  two  metals  bj  sulphide  of  ammonium,  or  by 
evaporating  the  solution  to  dryness,  and  fusing  the  residue  with 
carbonate  of  soda  and  nitre. 

(3.)  Antimony  and  arsenic  in  alloys  may,  according  to  Fre- 
senius,  be  separated,  though  not  in  a  very  accurate  manner,  by 
heating  the  mixture  covered  with  common  salt  and  carbonate 
of  soda^  in  a  glass  tube,  through  which  a  current  of  dry  carbonic 
acid  gas  is  passing ;  the  tube  is  heated  gently  at  first,  but  the 
heat  is  graduaUv  increased  to  the  highest  degree  of  intensity : 
by  this  means  the  arsenic  is  driven  off,  while  the  volatilization 
of  the  antimony  is  prevented  by  the  common  salt  and  carbonate 
of  soda. 

(4.)  Hqfinann^s  method  (Qustrt.  Joum.  Chem.  Soc). — ^This 
is  based  upon  the  dissimilar  deportment  of  arseniuretted  and 
antimoniuretted  hydrogen  with  nitrate  of  silver,  the  former 
yielding  arsenious  acid  which  passes  into  solution — 
H8As+6(AgO,NOB)+4HO=6(HO,NOB)+6Ag-hHO+AB08, 
the  latter  giving  rise  to  the  formation  of  antimoniuret  of  silver, 
which  is  insoluble  in  water — 

H3Sb  +  3(AgO,NOe)  =  3(HO,N05)  +  Ag8Sb. 

This  process  presents  no  difficulty  as  far  as  the  arsenic  is  con-> 
cemed,  which  may  be  recognized  in  solution  by  ammonia  if 
there  be  an  excess  of  silver,  or  by  sulphuretted  hydrogen  if  the 
silver  has  been  entirely  precipitated.  It  is  far  less  easy  to  find, 
according  to  this  process,  minute  quantities  of  antimony  in  the 
presence  of  large  quantities  of  arsenic,  the  silver  compound  of . 
antimony  being  mixed  with  a  bulky  precipitate  of  metallic  silver. 
By  treating  this  precipitate  with  hydrochloric  acid,  there  dis- 
solves, together  with  the  antimony,  a  small  quantity  of  chloride 
of  silver,  which  is  sufficient  to  darken  the  precipitate  produced 
in  the  solution  by  sulphuretted  hydrogen  to  such  a  aegree  as 
altogether  to  mask  the  presence  of  antimony.  This  inconveni- 
ence may  easily  be  obviated  by  boUing  the  mixture  of  silver  and 
antimoniuret  of  silver,  afber  the  arsenious  acid  has  been  care- 
fully washed  out  with  boiling  water,  with  tartaric  add,  which 
dissolves  the  antimony  alone.  The  solution  thus  obtained  yields 
at  once  with  sulphuretted  hydrogen  the  characteristic  orange- 
yellow  precipitate  of  sulphide  of  antimony.  In  evolving  the  by* 
drogen  compounds  of  arsenic  and  antimony,  care  must  be  taken 
toadd  as  little  nitric  acid  as  possible  to  the  hydrochloric  acid  used 
in  dissolving  the  sulphides  of  the  metals,  since  the  presence 
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even  of  moderate  quantities  of  this  acid,  greatly  interferes  with 
the  free  disengagement  of  the  gases.  If  there  be  tin  with  the 
arsenic  and  antimony,  the  metal  will  be  deposited  upon  the  plates 
of  zinc  used  in  evolving  the  hydrogen,  from  which  it  may  be 
mechanically  detached,  dissolved  in  hydrochloric  acid,  and  tested 
by  the  usual  process. 

(6.)  Meyer's  method  (Liebig*s  *Annalen,'  May,  1848). — This 
is  foundt>d  on  the  insolubility  of  antimoniate  of  soda.  The 
mixture  of  the  two  metals  is  deflagrated  with  three  times  its 
weight  of  nitrate  and  carbonate  of  soda,  the  fused  mass  is 
washed  with  cold  water,  which  dissolves  out  the  arsenic  acid, 
which,  alter  reduction  by  sulphurous  acid,  may  be  precipi- 
tated by  sulphuretted  hydrogen,  and  determined  in  the  usuul 
manner. 

184.  Tiir. 

This  metal  is  weighed  as  peroxide :  it  has  also  been  attempted 
to  estimate  it  by  a  normal  solution  of  iodine. 

Quantitative  estimation  as  JPeroaido. — ^The  compound  under 
examination  is  evaporated  nearly  to  dryness,  at  a  ooiling  heat, 
with  strong  nitric  acid,  to  ensure  the  whole  of  the  metal  being 
in  the  state  of  peroxide ;  if  any  hydrochloric  acid  be  present, 
it  must  be  completely  decomposed  and  expelled.  The  peroxide 
of  tin,  which  b^  the  action  of  the  nitric  acid  has  become  con- 
verted into  the  insoluble  modification,is  filtered,  wa8hed,ignitod, 
and  weighed.    Its  composition  is — 

One  equivalent  of  8n .     .     .     .     59  .     .     78*66 
Two      ditto      of  O   .     .     .     .     16  .     .    21-34 

One      ditto     of  SnO,  .    .    .    75  .    .  ioOOO 

Tin  may  also  be  precipitated  from  its  acid  solution,  whether 
in  the  state  of  a  protosalt,  or  of  a  persalt,  by  sulphuretted  hy- 
drogen ;  in  the  former  case  the  resulting  sulphide  is  brown,  m 
the  latter  case  it  is  yellow  ;  the  gas  must  be  passed  through  the 
solution  till  it  smells  strongly  of  it,  and  a  gentle  heat  must 
afterwards  be  applied,  by  which  a  small  quantity  of  sulphide, 
which  is  dissolved  in  the  saturated  liquor,  becomes  again  depo- 
sited ;  the  sulphide  of  tin  must  not  be  weighed  as  such,  but 
converted  into  peroxide,  which  may  be  dune  by  heating  it,  first 
gently  and  then  intensely,  in  a  porcelain  crucible,  tiU  all  the 
sulphur  is  removed  in  the  form  of  sulphurous  acid,  the  ex- 
pulsion of  which  is  facilitated  by  adding  a  small  fragment  of 
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carbonate  of  ammonia.  Bose  recommends  to  convert  the  sul- 
phide of  tin  into  peroxide  by  nitric  acid,  observing  tbat,  when 
the  quantity  of  sulphide  is  at  all  considerable,  its  conversion 
into  peroxide  takes  place  by  heat  alone  with  extreme  slowness. 

Volumetric  estimation : — 

(1.)  Oaultier  de  Clanhry's  method  (*  Comptes  Bendus,'  July 
18,  1846). — As  a  normal  solution,  he  employs  1  gramme  of 
iodine  dissolved  in  a  decilitre  of  alcohol,  sp.  gr.  0*932,  and  the 
solution  of  tin  is  prepared  with  1  gramme  of  this  metal  dis- 
solved in  hydrochloric  acid,  and  diluted  with  water  freed  from 
air,  so  as  to  form  a  litre.  By  means  of  a  graduated  pipette,  a 
demi-decilitre  of  the  tin  solution  is  measured  off,  and  the  bu- 
rette, divided  into  tenths  of  a  cubic  centimetre,  is  filled  with 
the  normal  solution  ;  the  latter  is  poured  into  the  first,  until  it 
is  no  longer  decolorized ;  half  a  d^ilitre  of  the  tin  solution, 
containing  5  decigrammes  of  tin,  decolorizes  100°,  or  10  cubic 
centimetres  of  the  normal  solution.  If  the  tin  ore  under  ex- 
amination is  soluble  in  hydrochloric  acid,  the  operation  is 
perfectly  simple ;  if  it  does  not  dissolve  in  it,  it  is  acted  on 
with  aqua-regia,  containing  much  hydrochloric  acid ;  and,  when 
the  tin  is  become  converted  into  perchloride,  an  excess  of 
hydrochloric  acid  is  added,  and  it  is  then  boiled  with  some 
iron^  by  which  it  bec<'meB  reduced  to  protochloride ;  the  pro- 
cess is  now  conducted  in  the  same  manner  as  in  the  prece- 
ding case.  If  it  happen  to  bo  an  alloy  containing  only  twenty 
per  cent,  of  lead,  hydrochloric  acid  will  dissolve  it ;  beyond 
that,  however,  only  imperfectly ;  but,  as  aqua-regia  scarcely 
acts  on  the  compounds  of  lead,  the  alloy  must  be  dissolved  in 
nitric  acid,  evaporated  to  expel  the  excess  of  acid,  and  then 
treated  with  hydrochloric  acid  and  iron.  Stannic  acid,  espe- 
cially when  it  has  not  been  dissolved,  is  readily  converted  into 
protochloride,  in  the  presence  of  an  excess  of  hydrochloric  acid 
and  protochloride  of  iron,  so  that  the  assay  is  brought  to  the 
same  state  as  when  the  product  could  be  acted  upon  imme- 
diately with  hydrochloric  acid.  When  the  compound  to  be 
analysed  contains  arsenic,  antimony,  bismuth,  copper,  or  lead,  the 
iron  precipitates  it,  and  again  reduces  the  assay  to  the  state  of 
a  tin  solution.  To  precipitate  the  whole  of  the  copper,  and  not 
to  leave  any  of  the  protochloride  of  that  metal  in  solution,  a 
considerable  excess  of  hydrochloric  acid  muvt  be  employed,  and 
the  boiling  with  iron  continued  for  some  length  of  time.  The 
analysis  of^  a  salt  of  tin  can  be  made  with  the  same  ease,  and 
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if  a  mixture  of  a  per-  and  proto-salt  is  examined,  or  any  of  th^ 
corresponding  haloid  compounds,  the  relative  proportions  can 
be  determined  by  analysing  the  substance  itself,  and  then 
making  a  second  analysis  of  the  product  boiled  with  hydro* 
chloric  acid  and  iron.  2iine  and  iron  do  not  interfere  with  the 
analysis  by  iodine,  while  the  protosalts  of  iron  and  the  corre- 
sponding haloid  compounds  decolorize  the  sulphate  of  indigo, 
which  M.  Pelouze  had  attempted  to  employ'  for  the  estimation 
of  tin,  and  renders  this  process  impracticable. 

Iodine  may,  according  to  the  author,  be  used  to  determine 
the  quantity  of  tin  in  a  solution  containing  yarious  metals ;  but 
if  there  be  present  an  arsenite^  sulphite  or  hyposulphite,  phos^ 
phite  or  hypophosphite^  the  normal  solution  will  be  decolorized 
as  with  protochloride  of  tin.  It  will  be  requisite,  therefore,  to 
oxidize  these  salts  by  nitric  acid  or  by  chlorine,  and  to  reduce 
the  tin  to  protochloride  by  means  of  iron. 

(2.)  M,  Stromeyer*9  method, — He  introduces  the  solution  of 
protochloride  of  tin  into  an  excess  of  sesquichloride  of  iron. 
The  salt  of  iron  becomes  reduced  to  a  minimum  according  to 
the  following  equation : — 

SnCl  -h  Fcg  CI3  =  SnClg  -f  2FeCl. 
It  is  then  estimated  by  a  standard  solution  of  permanganate 
of  potassa,  as  if  it  were  a  salt  of  protoxide  of  iron.  The 
results  are  accurate,  but  the  method  is  only  applicable  in  the 
absence  of  copper  and  iron,  as  these  two  metals  decompose  per* 
maDganate  of  potassa  as  well  as  of  tin, 

S^aration  of  Protoxide  of  Tin  from  Peroxide  of  Tin, — ^Eose^s 
method  is  the  following : — The  solution  is  divided  into  two  por- 
tions ;  in  one,  the  amount  of  the  metal  is  determined  by  precis 
pitating  it  by  sulphuretted  hydrogen,  and  then  converting  it 
into  peroxide  in  the  manner  described  above ;  the  other  por- 
tion IS  dropped  into  solution  of  chloride  of  mercury^  and  the 
subchloride  of  mercury  precipitated,  is  filtered,  washed,  dried 
at  a  gentle  heat,  and  weighed.  Erom  this  weight,  it  is  easy  to 
calculate  how  much  protoxide  or  protochloride  of  tin  was  con- 
tained in  the  solution,  since  the  quantity  of  chlorine  contained 
in  the  subchloride  of  mercury  is  the  same  as  that  contained  in 
the  protochloride  of  tin,  by  which  it  was  precipitated  ;  or,  on 
the  other  hand,  the  quantity  of  chlorine  in  the  subchloride  of 
mercury  is  equivalent  to  the  quantity  of  oxygen  in  the  pro- 
toxide of  tin,  which  acted  as  a  precipitant. 

Analysis  of  Allays  of  Tin  and  Oopper.—TkQ  process  of  M. 
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Cottereau  Q  Comptes  Bendus/  June  29, 1846)  is  founded  on  the 
principle  that  copper  is  precipitated  from  its  solutions  bj  zino 
before  tin.  The  alloy  is  reduced  to  a  fine  powder,  a  certain 
quantity  weighed  off,  aud  digested  with  boiling  hydrochloric 
acid.  Into  the  resulting  solution  of  the  protochlorides  of  cop- 
per and  tin,  a  plate  of  zinc  is  introduced.  By  a  previous  assay 
of  the  copper  contained  in  the  alloy  by  the  cuprometric  process 
of  M.  Peiouze  (p.  879),  the  quantity  of  copper  is  determined^ 
and  consequently  an  equivalent  amount  of  zinc  may  be  added 
to  the  solution ;  or  the  plate  of  zinc  may  be  immediately  intro- 
duced into  the  solution,  and  left  there  until  a  bright  iron  blade 
does  not  acquire  a  red  tint  on  beine  immersed  in  the  liquor. 
The  strip  of  zinc  is  then  removed,  and  the  precipitate  collected 
on  afilter.  Whichever  plan  be  adopted,  the  filtered  liquor  is  acted 
on  just  as  if  it  were  pure  protochloride  of  tin.  The  proto- 
chloride  of  zinc  formed  does  not  in  the  least  interfere  with  the 
reaction. 

Separation  of  Tin  from  Antimony, — This  is  attended  with 
difficulty.    The  following  methods  have  been  proposed : — 

(1.)  Serthier's  method, — ^The  two  metals  being  dissolved 
in  concentrated  hydrochloric  acid,  tartaric  acid  is  added  to  the 
solution,  which  is  then  diluted  with  water,  sulphite  of  ammonia 
added,  and  the  whole  boiled.  The  tin  is  precipitated  while  the 
antimony  remains  dissolved. 

(2.)  LevoVs  process  (Ann.  de  Chim.  et  Phys.,  Jan.  1845). 
— The  alloy  being  reduced  to  a  thin  plate,  is  heated  with  hydro- 
chloric acid ;  after  some  minutes'  boiling,  a  saturated  aqueous 
solution  of  chlorate  of  potassa  is  added  in  small  quantities  at  a 
time,  until  the  alloy  entirely  disappears.  The  two  metals  are 
then  thrown  down  together  by  means  of  a  bar  of  distilled  zinc ; 
the  precipitate  is  removed  from  the  zinc  with  the  greatest  care, 
a  quantity  of  concentrated  hydrochloric  acid,  about  equal  to 
what  was  employed  at  first,  is  added,  and  the  whole  is  boiled  so 
as  to  redissolve  the  tin  without  previously  removing  the  chlo- 
ride of  zinc ;  when  the  action  has  terminated,  that  is,  when 
nothing  remains  but  the  antimony,  which  is  always  the  case 
after  an  hour's  boiling,  this  metal  then  forms  a  very  fine  blackish 
powder :  it  is  collected  on  a  weighed  filter,  and  the  tin  may 
now  be  immediately  obtained  from  the  liquors  by  sulphuretted 
hydrogen. 

According  to  L.  Eisner  (Joum.  fiir  Prakt.  Chem.,  vol. 
xzxv.  p.  313))  the  above  process  has  no  claim  to  accuracy^ 


416  QUANTITATITl   ANALYSIS. 

He  found,  on  repeating  the  experiment  with  a  mixture  of  7i 
grains  of  tin  and  as  much  antimony,  exactly  according  to  the 
directious  given  hy  Levol,  that  the  acid  liquid  filtered  from  the 
black  powder,  on  being  treated  with  sulphuretted  hydrogen, 
yielded  a  precipitate  which  consisted  evidently  of  two  differently- 
coloured  layers ;  the  inferior  layer  was  clearly  the  orange-red 
precipitate  of  sulphide  of  antimony,  above  which  was  the  cho- 
colate-brown protosulphide  of  tin.  It  is  certain,  therefore,  that 
some  antimony  had  dissolved  with  the  tin.  Eisner  convinced 
himself  that  antimony  is  partly  dissolved  on  being  boiled  with 
hydrochloric  acid,  and  that  consequently  no  quantitative  me- 
thod of  separating  it  from  tin  can  be  founded  on  its  insolubi'* 
lity  in  that  acid« 

(3.)  Bose^s  method  (Chem.  Gaz.,  vol.  v.  p.  313). — Strong  nitric 
acid  is  cautiously  poured  upon  the  metals,  and  when  the  vio- 
lent oxidation  has  ceased,  the  whole  is  evaporated  at  a  gentle 
heat,  and  the  dry  powder  of  the  oxides  fused  in  a  silver  cruci- 
ble over  an  argand  lamp,  with  an  excess  of  hydrate  of  soda.  The 
fused  mass  is  softened  with  a  large  quantity  of  water,  gently 
warmed,  and  the  antimoniate  of  soda  allowed  to  subside.  When 
perfectly  cold,  the  clear  solution  is  passed  through  a  filter :  if 
this  is  done  while  it  is  still  warm,  the  solution  will  contain 
some  antimoniate  of  soda.  The  insoluble  salt  is  again  treated 
once  or  twice  with  water,  allowed  to  settle  and  cool,  and  the 
liquid,  when  perfectly  clear,  passed  through  the  filter.  When 
the  whole  of  the  stannate  of  soda  has  been  dis8olved  in  thi» 
manner,  the  liquid  which  has  been  warmed  with  the  antimoniate 
of  soda  remains  opalescent ;  it  must  not  be  poured  on  the  filter, 
as  it  would  pass  through  turbid.  A  small  quantity  of  a  dilute 
solution  of  carbonate  of  soda  may  be  added  to  it,  which  ren- 
ders it  clear ;  but  the  edulcoration  must  not  be  continued  for 
any  length  of  time,  as  otherwise  some  antimoniate  would  be 
dissolved. 

The  moist  antimoniate  of  soda  is  now  treated  in  a  beaker 
with  a  mixture  of  hydrochloric  and  tartaric  acids,  in  which  it 
readily  disHolves ;  and  the  filter,  upon  which  mere  traces  of  the 
salt  should  have  collected,  is  washed  with  the  same  mixture.  The 
antimony  is  then  precipitated  from  the  solution  by  sulphuretted 
hydrogen,  and  tho  amount  of  antimony  estimated  from  the 
quantity  of  sulphide  obtained.  Rose  reduces  the  sulphide  of 
antimony  by  hydrogen  in  a  porcelain  crucible,  through  the  lid 
of  which  a  thin  porcelain  tube  passes.    A  gentle  heat  is  caxen 
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fully  applied,  until  the  crucible  do  longer  decreases  in  weight. 
After  the  reduction,  the  inner  side  of  the  lid  is  coated  with 
metallic  antimony,  which,  however,  in  no  way  interferes  with 
the  accuracy  of  the  experiment. 

The  solution  of  stamiate  of  soda  is  acidified  with  hydro- 
chloric acid.  It  is  not  necessary  to  add  so  much  acid  that  the 
whole  of  the  eliminated  oxide  of  tin  is  again  redissolved.  It 
is  merely  necessary  that  the  solution  should  strongly  redden 
blue  litmus-paper.  Upon  this,  sulphuretted  hydrogen  is  passed 
into  it.  The  ^sulphide  ot  tin  is  converted  by  roasting  into  oxide. 
When  it  has  been  dried,  it  frequently  decrepitates,  by  which, 
if  care  be  not  taken,  a  very  considerable  loss  may  be  occasioned. 
It  is,  on  this  account,  preferable  to  place  it  with  the  filter, 
while  still  moist,  in  a  porcelain  crucible,  and  to  heat  it  for  a 
long  time  very  gently,  and  with  access  of  air,  in  order  to  expel 
the  sulphur  at  the  lowest  possible  temperature.  If  a  strong 
heat  be  given  at  the  commencement,  white  fumes  of  oxide 
escape,  especially  when  the  air  has  free  access.  The  higher 
sulphide  of  tin  has  the  property  of  sublimins;  somewhat,  at 
certain  temperatures  ;  the  vapours  are  oxidized  by  contact  with 
the  air,  and  iorm  oxide  of  tin.  This  is  also  the  cause  of  a 
white  sediment  of  oxide  of  tin  being  formed  upon  the  charcoal, 
when  sulphide  of  tin  is  heated  on  charcoal  before  the  blow- 
pipe. A  strong  heat  should  not  be  applied  until  there  is  no 
longer  any  perceptible  odour  of  sulphurous  acid.  After  being 
strongly  ignited,  a  piece  of  carbonate  of  ammonia  is  placed  in  thd 
crucible,  and,  after  its  volatilization,  a  strong  heat  applied, 
with  liccess  of  air,  in  order  to  expel  the  whole  of  the  sulphuric 
acid  formed ;  a  small  decrease  of  weight  will  be  perceived. 

The  oxide  of  tin  thus  obtained  never  appears  perfectly  white-; 
and  the  sulphide  of  tin,  precipitated  by  sulphuretted  hydro- 
gen, does  not  possess  a  purely  yellow  colour,  which  Kose  attri- 
butes to  melting  the  metallic  oxides  with  hydrate  of  soda  in 
the  silver  crucible,  traces  of  oxide  of  silver  being  removed  by 
the  alkaline  solution.  The  results  do  not  attain  the  highest 
degree  of  accuracy.  Stannate  of  soda  containing  an  excess  of 
hydrate  of  soda  does  not  become  turbid  by  boiling,  as  stated 
by  Fremy,  and  the  solution  may  even  be  evaporated  until 
crystals  separate,  which,  on  the  addition  of  water,  entirely  dis- 
solve, yet  the  antimoniate  of  soda  contains  a  small  quantity  of 
oxide  of  tin ;  consequently  the  sulphide  precipitated  by  sul- 
phuretted hydrogen  from  the  acid  solution  of  the  antimoniate 
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of  soda  contains  a  small  amount  of  sulphide  of  tin,  which  does 
not  part  with  the  whole  of  its  sulphur  at  the  temperature  at 
which  the  sulphide  of  antimony  is  reduced  by  hydrogen.  For 
this  reason  a  somewhat  smaller  amount  of  tin,  a  larger  quantity 
of  antimony,  and  a  slight  excess,  is  found  in  the  analysis. 

(4.)  Tookeifs  method  (Quart.  Joum.  Chem  Soc,  vol.  xv.  p. 
464). — The  author  finds  the  process  of  reduction  by  metallic 
iron  to  answer  perfectly.  The  hydrochloric  solution  of  the  two 
metals  is  digested  at  a  gentle  heat,  with  pure  thin  sheet  iron, 
until  the  whole  of  the  iron  is  dissolved ;  a  considerable  quan- 
tity of  cold  watw  is  then  added,  the  antimony  is  collected  on 
a  weighed  filter,  washed  and  dried ;  it  should  then  be  purified 
from  traces  of  iron  by  digesting  with  cold  dilute  hydrochloric 
acid,  dried  in  the  water-oven,  and  weighed  in  the  form  of  a 
grey  powder.  The  tin  is  precipitated  from  the  filtrate  bv  sul- 
phuretted hydrogen,  the  protosulphide  of  tin  dried,  ancli  con- 
verted into  binoxide  by  careful  ignition. 

Separation  of  Tin^  Antimony ^  and  Lead  (Tookey). — "When 
the  ordinary  method  of  separation  was  used,  viz.  oxidation  by 
nitric  acid,  evaporation  at  a  steam  temperature,  and  extrac- 
tion with  water,  the  author  found  that  it  was  impossible  tho- 
Toughly  to  remove  the  lead ;  varying  portions  in  different  trials 
being  retained  in  an  insoluble  state  by  the  oxides  of  tin  and 
antimony,  probably  in  the  form  of  antimoniate  of  lead.  He 
therefore  availed  himself  of  the  volatility  of  the  chlorides  of 
tin  and  antimony,  and  the  fixity  of  chloride  of  lead  to  efiToct  a 
separation  ;  for  this  purpose  about  10  grains  of  the  alloy  are 
introduced  into  a  bulb  expanded  in  the  middle  of  a  piece  of 
hard  combustion  tube,  having  ingress  and  egress  tubes  bent  at 
angles  of  45  degrees,  but  in  opposite  directions ;  one  point- 
ing upwards,  for  introducing  the  alloy,  and  the  other  down* 
wards,  for  collecting  the  volatile  products  in  water :  sufficient 
nitric  acid  having  been  poured  on  the  alloy,  the  funnel  tube  is 
closed  with  a  cors,  and  the  oxidation  effected  at  a  moderate 
temperature.  When  it  is  converted  into  a  perfectly  white 
mass,  the  excess  of  acid  is  expelled  by  causing  a  gentle  current 
of  air  to  traverse  the  apparatus,  a  moderate  heat  being  at  the 
same  time  applied.  A  current  of  dry  hydrochloric  acid  gas 
generated  from  fused  chloride  of  sodium  and  sulphuric  acid,  is 
then  transmitted  slowly  through  the  tube,  the  downward 
egress-end  being  immersed  in  a  small  quantity  of  water.  When 
the  mass  becomes  liquid  from  the  absorption  of  gas,  a  gentte 
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heat  is  applied,  the  chlorides  of  tin  and  antimony  distil  over, 
and  are  condensed  in  the  water,  chloride  of  lead  remaining. 
When  the  distillation  is  nearly  finished,  a  greater  heat  is  ap- 
plied to  expel  the  last  traces  of  bichloride  of  tin,  and  lastly  the 
chloride  oi  lead,  now  perfectly  free  from  tin  and  antimony,  is 
heated  to  fusion,  it  is  then  removed  from  the  tube  and  con- 
verted into  sulphate,  in  which  state  it  is  weighed ;  the  water 
containing  the  mixed  chlorides  of  tin  and  antimony,  after  the 
addition  of  a  little  more  hydrochloric  acid,  is  digested  with  pure 
metallic  iron  until  the  whole  of  the  iron  is  dissolved ;  cold 
water  is  then  added :  the  precipitated  antimony  is  then  col* 
lected  on  a  weighed  filter,  washed  with  cold  water,  and  dried 
at  212^  The  filtrate  from  the  antimony  is  saturated  with 
sulphuretted  hydrogen ;  sulphide  of  tin  is  precipitated,  which 
is  converted  into  binoxide  by  ignition. 

Separation  of  Tin  and  Arsenic;  Analysis  of  Arsenates  of 
Tin, — The  mixed  oxides,  in  a  finely  pulverized  state,  are  placed 
in  a  small  porcelain  tray,  and  heated  in  a  combustion-tube  in 
a  current  of  dry  sulphuretted  hydrogen ;  both  oxides  are  re* 
duced  to  sulphides,  the  sulphide  of  arsenic  volatilizes  com- 
pletely, leaving  sulphide  of  tin,  which  is  first  roasted,  and  then 
strongly  calcined  in  a  platinum  crucible,  it  is  hereby  con- 
verted into  stannic  acid,  in  which  state  it  is  weighed. 

Separation  of  Antimony,  Tin,  and  Arsenic  (PoggendorflTs 
'  Annalen,'  Ixxvii.  p.  110). — The  mixture  of  stannate  and  anti- 
moniate  of  soda,  obtained  by  acting  on  the  alloy  with  nitric 
acid,  and  subsequently  fusing  with  hydrate  of  soda,  is  first 
washed  thoroughly  out  of  the  crucible  with  water,  and  the  in- 
soluble antimoniate  of  soda  allowed  to  separate.  The  solution 
which  contains  all  the  stannate  of  soda  is  now  mixed  with  so 
much  alcohol  (specific  gravity,  0*83),  that  its  volume  relatively 
to  that  of  the  water  is  as  1  to  3.  In  this  spirituous  solution 
the  stannate  of  soda  is  completely  soluble,  while  the  last  por- 
tions of  antimoniate  of  soda  are  completely  separated.  The 
clear  liquid  having  been  filtered  ofi*,  the  antimoniate  of  soda  is 
washed  with  stronger  alcohol  till  some  of  the  filtered  liquid, 
rendered  acid  with  a  little  dilute  sulphuric  acid,  gives  no 
longer  a  precipitate  with  sulphuretted  hydrogen.  The  solu- 
tion is  heated  to  expel  the  alcohol,  diluted  with  water,  super- 
saturated with  sulphuric  acid,  precipitated  with  sulphuretted 
hydrogen,  and  the  sulphide  of  tin  converted  into  oxide.  The 
antimoniate  of  soda  is  dissolved  in  a  mixture  of  hydrochloric 
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and  tartaric  acids,  from  which  solution  the  antimonj  is  precipi* 
tated  by  sulphuretted  hydrogen.  When  arsenic  is  present  in 
the  alloy  it  is  found  in  the  solution  containing  the  stannate 
of  soda ;  this  solution  is  supersaturated  at  once  with  hydro- 
chloric acid,  witliout  previously  driving  off  the  alcohol,  and 
sulphuretted  hydrogen  passed  through  it  vrithout  previously 
separating  tho  precipitated  arsenate  of  tin.  The  whole  is  set 
aside  till  it  scarcely  sniells  q£  sulphuretted  hydrogen,  and  the 
precipitate  is  collected  on  a  weighed  filter.  The  filtered  liquid 
is  heated  for  some  time,  by  which  any  portion  of  sulphuretted 
hydrogen  still  present,  and  the  greater  portion  of  the  alcohol, 
are  expelled,  it  is  then  mixed  with  a  solution  of  sulphurous 
acid,  and  again  treated  with  sulphuretted  hydrogen,  when 
generally  a  further  small  quantity  of  sulphide  of  arsenic  is 
precipitated.  This  treatment  with  sulphurous  acid  is  not, 
however,  necessary,  if  sulphuretted  hydrogen  is  again  passed 
immediately  through  the  liquid  separated  from  the  sulpliides. 
The  small  amount  of  sulphide  of  arsenic  which  is  precipitated 
in  this  case  is  always  free  from  every  trace  of  sulphide  of  tin, 
and  is  kept  separate,  and  only  added  to  the  sulphide  of  arsenic 
obtained  in  the  separation  of  the  arsenic  and  tin.  These  two 
metals  contained  in  the  precipitate  by  sulphuretted  hydrogeu 
are  separated  by  being  neated  iu  a  current  of  sulphuretted 
hydrogen,  when  the  sulphide  of  arsenic  is  volatilized.  The  re- 
sidual sulphide  of  tin  is  converted  iuto  oxide,  and  the  sublimed 
sulphide  of  arseuic  into  arsenic  acid.  This  method  proved  on 
examination  to  be  absolutely  accurate. 

185.  Platinum. 

In  whatever  form  this  metal  may  be  precipitated,  it  is  in- 
variably weighed  iu  the  reguline  state.  It  may  be  precipitated 
from  its  solution  as  ammonio-chloride  of  platinum,  aspot-auuh 
chloride  of  platinum,  and  as  sulphide  of  platinum. 

(1.)  Precipitation  as  Ammonio-ehloride  of  Platinum, — The 
acid  solution  is  concentrated ;  it  is  then  mixed  with  a  concen- 
trated solution  of  chloride  of  ammonium,  and  a  sufficient  quan- 
tity of  spirits  of  wine  added  to  effect  the  complete  precipita- 
tion of  the  double  salt :  the  precipitate  is  allowed  to  subside 
perfectly ;  it  if  then  collected  on  a  filter,  and  washed  with 
spirits  of  wine  till  the  fluid  passes  through  quite  colourless ; 
it  is  dried,  and  ignited,  by  which  it  is  completely  decomposed, 
metallic  platinum,  in  the  form  of  a  grey  spongy  powder,  remain- 
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ing  in  the  crucible.  The  ignition  requires  to  be  performed 
with  groat  care :  the  dried  double  salt  is  transferred,  filter  and 
all,  into  a  weighed  platinum  crucible,  and  is»heated  gently,  the 
coyer  of  the  crucible  being  laid  loosely  on,  as  long  as  fumes  of 
sal-ammoniac  are  seen  to  escape ;  the  cover  is  then  removed, 
and  a  stronger  heat  applied  till  the  organic  matter  of  the 
filter  is  consumed ;  the  crucible  is  finally  exposed  to  an  intense 
heat.  The  reason  why  a  gentle  heat  must  be  applied  at  first, 
is  because  a  portion  of  the  undecomposed  double  salt  might 
otherwise  be  carried  off  with  the  fumes  of  the  sal-ammoniac. 

(2.)  Precipitation  as  Fotasno-chloride  of  Flatinum. — The  so- 
lution is  mixed  with  chloride  of  potassium  in  excess,  and  alcohol 
added ;  the  precipitated  double  salt  is  collected  on  a  filter,  dried 
at  212^,  and  weighed.  It  would  not  be  safe,  however,  to  esti* 
mate  the  platinum  from  the  weight  of  the  double  salt,  and,  in- 
deed, after  ignition,  it  is  not  completely  decomposed  into  me- 
tallic platinum  and  chloride  of  potassium ;  where  accuracy  is 
required,  therefore,  a  known  portion  of  the  double  salt  dried 
at  212^  must  be  introduced  into  a  weighed  bulbed  tube,  and 
heated  to  redness,  while  a  stream  of  dry  hydrogen  gas  passes 
through  it.  It  thus  becomes  completely  reduced,  hydrochloric 
gas  being  evolved ;  when  this  has  ceased,  which  is  known  by 
white  fumes  ceasing  to  be  formed-  on  bringing  a  glass  rod  or 
a  feather  dipped  in  ammonia-water  near  the  end  of  the  tube, 
the  apparatus  is  allowed  to  cool,  the  chloride  of  potassium  is 
then  dissolved  out  with  water,  and  the  reduced  platinum  well 
washed.  It  is  then  again  heated  to  low  redness  in  a  stream 
of  hydrogen  gas,  and  weighed ;  the  weight  obtained  calculated 
upon  the  whole  precipitate  on  the  filter,  ^ives  the  result. 

(8.)  PreoipUation  as  Sulphide. — This  is  sometimes  practised 
to  separate  platinum  from  such  metals  as  are  not  precipitated 
from  their  acid  solutions  by  sulphuretted  hydrogen,  as  well  as 
from  others  whose^ulphides  are  insoluble  in  alkaline  sulphides  ; 
in  the  former  case,  the  gas  is  passed  into  the  acid  solution. 
No  precipitation  frequently  takes  place  till  heat  is  applied, 
when  the  solution  turns  brown,  and  sulphide  of  platinum  is 
precipitated  ;  it  is  not  weighed  as  such,  but  after  being  washed, 
is  ignited,  by  which  it  becomes  reduced,  and  is  then  estimated 
in  its  metallic  state :  in  the  latter  case,  the  solution  is  ren- 
dered neither  neutral  or  alkaline,  and  sulphide  of  ammonium 
added  in  excess,  in  which  the  sulphide  of  platinum  dissolves. 

Separation  of  Platinum  from  Antimony,  Arsenic^  and  Tin, — 

FABT  II.  2  P 
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This  is  readily  effected  by  taking  advantage  of  the  volatility  of 
the  chlorides  of  the  three  last  metals ;  all  four  are  first  preci* 
pitated  together  by  sulphuretted  hydrogen;  the  mixed  sul- 
phides are  introduced  into  a  bulbed  tube,  and  heated  in  a 
stream  of  chlorine  gas ;  platinum  alone  remains. 

Analysis  of  Platinum  ores  (MM.  Deville  and  H.  Debray, 
'Annales  de  Chimie  et  de  Physique'). — The  following  sub* 
stances  are  contained  in  the  ores  of  this  valuable  metal : — 
1,  Sand;  2,  Osmide  of  Iridium  ^  3,  Flatinum,  Iridium^  Rho* 
dium  and  Palladium  fprobably  an  alloy)  ;  4,  Oopjper  and  Iron  ; 
5,  Qold,  and  a  little  Silver, 

(1.)  Determination  of  the  Sand, — This  is  effected  by  heating 
a  known  weight  (about  2  grammes)  of  the  ore  with  five  or  six 
times  its  weight  of  pure  granulated  silver  in  a  crucible,  the 
sides  of  which  have  been  previously  glazed  by  melting  borax  in 
it ;  over  the  metals,  10  grammes  of  fused  oorax,  and  one  or 
two  pieces  of  wood-charcoal  are  placed,  the  heat  is  raised  a 
little  above  the  melting-point  of  silver,  at  which  it  is  kept  for 
some  time ;  the  vitreous  matters  are  dissolved  by  the  borax, 
and  all  the  metals  are  contained  in  the  button  of  silver  which 
is  found  at  the  bottom  of  the  crucible  when  cold ;  it  is  heated 
to  faint  redness  and  weighed,  the  weight  subtracted  from,  the 
sum  of  the  weights  of  the  cfre  and  silver  employed,  gives  the 
amount  of  sand. 

(2.)  Determination  of  Osmium  and  Iridium, — About  2 
grammes  of  the  ore  are  repeatedly  treated  with  aqua-regia  until 
the  whole  of  the  platinum  is  dissolved,  which  is  known  by  the 
solution  being  no  longer  coloured.  The  insoluble  residue  is 
osmide  of  iridium  in  the  form  of  spangles,  together  with  the 
sand ;  it  is  washed  by  decantation,  dried  and  weighed ;  by 
subtracting  the  weight  of  the  sand  obtained  in  the  former 
operation,  we  get  the  weight  of  the  osmide  of  iridium. 

(3.)  Detertnination  of  the  Platinum  and  ^Iridium. — The  so- 
lution obtained  in  the  last  operation  is  evaporated  to  dryness 
on  the  water-bath,  redissolved  in  a  little  water,  alcohol  added, 
and  then  crystals  of  sal-ammoniac  in  great  excess ;  after  stand- 
ing for  twenty-four  hours  the  orange-yellow  or  reddish-brown 
precipitate  is  thrown  on  filter,  and  washed  with  alcohol,  it 
consists  of  the  ammonio-chlorides  of  platinum  and  iridium,  but 
a  portion  still  remains  in  the  solution;  the  double  chloridea 
of  the  two  metals,  after  being  dried,  are  heated  to  low  rednesa 
ill  a  platinum  crucible,  and  the  filter  is  burnt  at  the  lowest 
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possible  temperature ;  to  favour  the  reduction  of  the  iridium, 
and  the  escape  of  the  last  traces  of  osmium,  a  piece  of  paper 
saturated  witu  turpentine  is  introduced  into  the  crucible.  The 
heat  is  now  raised  gradually  to  whiteness,  and  the  reduction 
of  the  metal  is  finished  in  a  current  of  hydrogen.  The  filtrate 
from  the  double  chlorides  of  platinum  and  iridium  is  concen- 
trated until  the  greater  part  of  the  sal-ammoniac  crystallizes 
out ;  it  is  then  allowed  to  cool,  upon  which  a  deep  violet-co- 
loured precipitate  is  formed ;  this  is  ammonio-chloride  of  iri- 
dium, mixed  with  a  little  of  the  corresponding  platinum  salt; 
it  is  collected  on  a  filter,  and  washed  first  with  a  solution  of 
sal-ammoniac,  and  then  with  alcohol,  after  which  it  is  dried  and 
ignited  in  a  current  of  hydrogen.  The  results  of  the  two  reduc- 
tions are  weighed  and  digested  at  about  120^  F.,  with  repeated 
portions  of  aqua-regia  diluted  with  five  or  six  times  its  bulk 
of  water,  till  the  liquid  is  no  longer  coloured  :  all  the  platinum 
is  dissolved,  leaving  as  a  residue  iridium  in  a  state  of  purity. 

(4.)  Determination  of  the  Palladium,  Iron,  and  Copper. — 
These  metals  are  contained  in  the  liquor  from  which  the  plati* 
num  and  iridium  have  been  separated.  The  alcohol  and  chloride 
of  ammonium  are  evaporated  ofi*,  the  removal  of  the  latter 
being  facilitated  by  the  addition  of  nitric  acid,  which  transforms 
it  into  nitrogen  and  hydrochloric  acid ;  the  evaporation  is  con- 
tinued almost  to  dryness;  the  residue  is  transferred  to  a 
weighed  porcelain  crucible,  and  when  dry,  is  moistened  with 
sulphide  of  ammonium,  and  loosely  covered  with  two  or  three 
grammes  of  pure  sulphur.  The  crucible  is  covered,  placed 
in  a  larger  clay  crucible,  and  surrounded  with  pieces  of  wood 
charcoal,  a  cover  is  then  put  upon  the  clay  crucible,  and  it  is 
brought  slowly  up  to  a  bright-red  heat,  the  fire  being  lighted 
at  the  top  of  the  furnace  in  order  to  avoid  the  projection  of 
any  matter  from  the  crucible,  which  might  happen  if  it  were  too 
qnickly  heated.  When  cold,  the  inner  crucible  contains  pallo' 
dium  in  the  metallic  state,  with  the  sulphides  of  iron  and  copper, 
and  also  the  gold  and  the  rhodium.  The  mixture  is  digested  for 
a  long  time  at  150°  with  concentrated  nitric  acid,  which  dis« 
solves  the  palladium,  iron^  and  copper,  converting  them  into  ni- 
trates. These  are  dissolved  out  by  water,  and  the  residue  well 
washed  ;  the  solution  and  washings  are  evaporated  to  dryness 
and  then  calcined  at  a  strong  red-heat ;  the  palladium  is  reduced, 
and  the  iron  and  copper  are  converted  into  oxides,  which  are 
easily  separated  from  the  palladium  by  strong  hydrochloric  acid, 
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and  the  latter,  now  in  a  state  of  purity,  is  strongly  ignited  and 
weighed.  The  chlorides  of  copper  and  iron  acie  treated  in  the 
nsiLU  way  for  the  determination  of  each  metal. 

(5.)  Determination  of  the  Qold, — ^This  metal  is  contained  in 
the  residue  (4.)  insoluble  in  nitric  acid :  it  is  weighed  and  then 
treated  with  dilute  aqaa-regia,  which  dissolves  the  gold^  and 
sometimes,  but  rarely,  a  tmce  of  platinum^  the  presence  of 
which  is  detected  by  chloride  of  ammonium ;  the  difference  be- 
tween the  weight  oi  the  crucible  before,  and  after,  the  treatment 
by  aqua-rogia  gires  the  weight  of  the  gold. 

(0.)  The  residue  left  in  the  crucible  is  rhodium,  which  is 
reduced  in  a  current  of  hydrogen  and  then  weighed. 

The  authors  caution  experimenters  to  beware  of  the  ill 
effects  of  osmium,  which  particularly  attacks  the  eyes ;  and  also 
to  avoid  breathing  the  vapour  from  the  aqua-regia. 

186.  Gold. 

This  metal,  like  the  preceding,  is  always  weighed  in  the  me- 
tallic state,  in  which  it  is  precipitated  from  its  solutions  by 
protosuljphate  of  iron,  or  by  oaalic  add.  A  method  of  estimating 
the  metal  indirectly  by  means  of  standard  solutions  has  also 
been  published  by  0.  Henry.  Gold  may  also  be  precipitated 
from  its  acid  solution,  by  sulphuretted  hydrogen.  The  sulphide 
is  readily  reduced  by  heat  alone. 

Freeipitation  by  Frotosulphate  of  Iron,-— 1£  the  solution  con- 
tain nitric  acid,  it  must  be  evaporated  nearly  to  dryness,  with 
the  addition  of  successive  portions  of  hydrochloric  acid,  the 
residue  is  dissolved  in  water,  acidulated  with  hydrochloric  acid, 
and  mixed  with  an  excess  of  a  clear  solution  of  protosulphate 
of  iron.  It  is  set  aside  for  some  time  in  a  warm  place,  till 
the  reduced  gold  has  completely  subsided  in  the  form  of  a 
fine  brown  powder,  which  is  then  filtered,  gently  ignited,  and 
weighed.  The  object  in  expelling  the  nitric  acid,  is  to  prevent 
the  formation  of  aqua-regia,  which  might  redissolve  a  portion 
of  the  precipitated  gold.  Solution  of  protonitrate  of  mercury 
may  be  employed  in  the  place  of  protosulphate  of  iron ;  the 
latter,  however,  is  preferable  as  the  reducing  agent. 

(2.)  Reduction  hy  Oxalic  Acid. — In  certain  oases  it  is  not 
convenient  to  introduce  another  metal  into  the  solution  from 
which  gold  is  to  be  precipitated ;  oxalic  acid  is  then  employed 
as  the  reducing  agent.  The  solution  as  before,  is  freed  from 
nitric  acid,  and  oxalate  of  ammonia  added;  if  the  solution 
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does  not  already  contain  free  hydrochloric  acid,  a  quantity  is 
next  added,  and  the  mixture  set  aside  in  a  warm  place ;  the 
whole  of  the  gold  is  deposited  in  the  form  of  yellow  scales, 
which  are  collected  on  a  filter,  washed,  gently  ignited,  and 
weighed.  In  cases  where  gold  is  the  only  nxed  substance  pre- 
sent, its  quantity  may  be  estimated  by  simply  evaporating  the 
solution  to  dryness  and  igniting  the  residue,  and,  when  in  com- 
bination with  other  substances  which  are  incapable  of  beine 
precipitated  from  acid  solutions  by  sulphuretted  hydrogen,  gold 
may  be  separated  by  that  reagent,  and  the  resulting  sulphide 
decomposed  by  ignition  in  a  platinum  crucible. 

The  rationale  of  the  reduction  of  terchloride  of  gold  by  pro- 
tosulphate  of  iron  is  this : — 

AuCl8-f6FeO,S08=2(Fejj03,3S08)-»-FeaCl8+Au. 

The  rationale  of  the  reduction  by  oxalic  acid  is  as  follows  :-^ 
AuCl3+3(HO,C30s)=Au-f3HCl+6C09. 

Estimation  of  Gold  by  standard  solutions  (Henry,.  Joum. 
de  Fharm.,  Jan.  1847). — ^This  process,  which  was  devised  \>j 
the  author  in  consequence  of  the  difficulty  which  he  expen- 
enced  in  appreciating  very  minute  quantities  of  ^old,  either 
by  weighing,  or  by  cupellation,  in  certain  investigations;  in 
which  he  was  engaged  relative  to  the  new  processes  of  gilding 
and  8ilverin|:  of  E&ington  and  Buolz,  is-  founded  on  the  priUr 
ciple,  that  in  a  mixture  of  terchloride  of  gold,  a  basic  salt, 
and  copper,  a  quantity  of  the  latter  metal,  equivalent  to  thai 
of  the  gold,  separated  either  in  powder,  or  upon  the  object  to 
be  gilt,  is  dissolved.  When  the  amount  of  gold  upon  a  gilt 
object,  or  in  a  bath  which  has  been,  or  is  to  be  employed  in 
gilding  has  to  be  ascertained,  the  following  plan  may  be 
adopted.  The  objects,  weighed  with  care,  are  digested  with 
hot  pure  nitric  acid  ;  as  soon  as  the  copper  forming  the  basis 
is  dissolved,  the  solution  is  diluted  with  distilled  water,  and  the 
gold  is  soon  seen  to  settle  at  the  bottom  of  the  vessel  in  small 
brilliant  scales.  These  are  collected,  and»  after  washing,  dis- 
solved in  aqua-regia ;  the  solution  is  evaporated  with  great  pre- 
caution nearly  to  dryness,  so  as  to  obtain  a  ruby-red  product, 
soluble  in  water ;  this  is  terchloride  of  gold  with  a  little  acid. 
This  product  is  now  dissolved  in  distiUed  water,  and  mixed 
with  five  or  six  times  its  weight  of  pure  bicarbonate  of  potassi^ 
or  soda,  dissolved  in  distilled  water ;  the  mixture  is  heated, 
conveyed  into  a  ground  stoppered  flask,  and  a  somewhat  large 
amount  of  finely  divided  copper^  which  has  been  previously 
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heated  in  a  current  of  hydrogen,  added  to  it ;  the  mixture  is 
now  and  then  shaken,  and  after  about  an  hour  the  liquid 
assayed.  A  very  minute  quantity  of  the  liquid  is  poured  upon 
a  watch  glass  and  treated  with  protosulphate  of  iron ;  if  the 
liquid  does  not  yield  a  black  or  grey  precipitate,  it  is  a  sign 
that  it  contains  no  gold  in  solution  ;  should  the  contrary  occur, 
more  copper  must  be  added,  and  the  liquid  again  agitated.  When 
the  whole  of  the  ^old  has  been  precipitated  upon  the  copper, 
the  liquid  is  careiully  saturated  with  pure  sulphuric  acid  so 
as  to  be  slightly  acid.  By  this  means  all  the  copper  precipi- 
tated in  the  state  of  carbonate  is  dissolved,  without  the  gold  or 
metallic  copper  being  at  all  acted  upon.  It  is  filtered,  and  a  so- 
lution of  ]^\iTeJerrocyanide  of  potassium  of  known  strength  care- 
fully added  by  means  of  a  graduated  burette,  until  a  precipitate 
ceases  to  be  formed ;  the  number  of  divisions  of  the  instrument 
employed  to  precipitate  the  copper  is  noted,  and  in  this  manner 
the  quantity  of  the  metal  dissolved  in  the  liquid  is  ascertained. 

When  it  is  a  solution  which  is  to  be,  or  has  been,  used  for 
gilding,  the  author  advises  to  precipitate  the  diluted  acid  solu- 
tion by  a  current  of  sulphuretted  hydrogen,  to  collect  the  pre- 
cipitate and  strongly  calcine  it  after  washing.  The  sulphide 
of  gold  being  reduced  to  the  metallic  state,  the  calcined  residue 
is  redissolved  in  nitric  acid,  and  the  gold  which  has  remained 
unattacked,  dissolved  in  aqua-regia,  and  treated  as  above  de* 
scribed. 

The  use  of  the  ferrocyanide  of  potassium,  to  determine  the 
amount  of  copper  whieh  represents  the  gold  in  a  compound, 
is  founded  on  tne  fact,  that  this  reagent  is  still  very  sensitive 
when  sulphide  of  sodium  has  no  longer  any  perceptible  action. 
The  conditions  requisite  for  the  success  of  the  operation  are : — 
Ist,  to  take  care  that  the  copper  employed  is  perfectly  free 
from  oxide;  2nd,  to  be  certain  that,  after  contact  with  the 
copper,  no  gold  remains  in  solution ;  3rd,  to  saturate  the  mix- 
ture exactly  with  pure  sulphuric  acid  after  the  reaction  ;  4th, 
to  mix  as  quickly  as  possible,  at  a  gentle  heat,  the  copper  and 
the  bicarbonate  with  the  solution  of  the  terchloride  of  gold; 
5th,  to  add  the  test  liquid,  which  has  been  mad&j^ortly  be- 
fore use,  with  precaution,  and  only  by  drops,  when  jRt  a  slight 
chestnut  or  dark-red  precipitate  is  produced. 

M.  Henry  quotes  a  number  of  experiments,  the  results  of 
which  prove  the  exactness  of  the  process,  as  well  as  the  ease 
and  quickness  with  which  it  may  be  performed. 
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Separation  of  Gold  from  Platinum. — ^The  alloy  is  boiled  in 
aqua-regia,  and  the  gold  reduced  bj  oxalic  acid ;  from  the  filtered 
solution  the  platinum  may  be  thrown  down  in  the  metallic  state 
hy  formic  add;  or  the  platinum  may  first  be  precipitated  from 
the  hydrochloric  solution  by  chloride  of  potassium,  and  the 
gold  in  the  filtrate  may  then  be  reduced  by  protosulphate  of 
iron. 

Separation  of  Gold  from  Antimony^  Tin,  and  Arsenic, — This 
may  oe  effected  in  the  same  manner  as  the  separation  of  pla- 
tinum from  these  metals,  viz.  by  heating  the  mixed  sulphides 
in  a  stream  of  chlorine  gas.  The  chlorides  of  tin,  antimony, 
and  arsenic  distil  over,  while  the  gold  remains  behind.  Eisner 
employs  metallic  zinc  as  the  precipitant  for  gold,  which 
he  finds  to  remove  the  metal  from  a  solution  of  its  chloride 
more  effectually  than  protosulphate  of  iron.  For  the  quanti- 
tative determination  of  gold,  however,  in  a  mixture  of  platinum, 
gold,  and  tin,  he  prefers  protosulphate  of  iron,  on  account  of 
the  greater  simplicity  of  the  operation.  He»  first  precipitates 
the  platinum  by  a  concentrated  solution  of  chloride  of  ammo- 
nium, and  afterwards  the  gold  from  the  filtrate  by  a  recently- 
prepared  solution  of  protosulphate  of  iron.  He  found  that 
when  an  excess  of  this  reagent  was  employed,  the  filtrate  from 
the  precipitate  still  gave  a  beautiful  dark-red  colouring  with 
protochloride  of  tin,  though  no  precipitate  was  observed. 

Analysis  of  allays  of  Gold, — Sevenil  methods  are  employed. 
In  the  first  place,  an  approximation  to  the  relative  proportions 
of  the  constituents  is  obtained  by  the  touchstone  and  the  assay - 
needle ;  the  former  is  a  black  and  polished  basalt ;  black  flint 
and  pottery  will  serve  the  same  purpose.  The  assay-needles 
are  small  fillets  of  gold,  alloyed  with  different  and  known  quan* 
titles  of  silver  or  copper :  the  sets  may  consist  of  pure  gold ; 
pure  gold  23^  carats,  with  half  a  carat  of  silver  ;*  23  carats  of 
gold,  with  one  carat  of  silver ;  22^  carats  of  gold,  with  1^  carat 
of  silver,  and  so  on  till  the  silver  amounts  to  four  carats,  after 
which  the  additions  may  proceed  by  whole  carats.  Other 
needles  may  be  made  in  the  same  manner,  with  copper  instead 

*  In  eatimsting  or  expressing  the  fineness  of  gold,  the  whole  mass  spoken 
of  is  supposed  to  weigh  twenty- four  carats  of  twelve  grains  each,  either  real, 
or  merely  proportional,  like  the  assajers*  weights ;  and  the  pure  gold  is 
called  fine.  Thus,  if  gold  is  said  to  be  twenty^three  carats  fine,  it  is  to  be 
understood  that,  in  a  mass  weighing  twenty-four  carats,  the  quantity  of 
pure  gold  amounts  to  twenty-three  carats. 
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of  silver,  and  other  sets  may  have  the  addition,  either  of  equal 
parts  silver  and  copper,  or  of  such  proportions  as  the  occasions 
of  business  mnj  require.  When  a  specimen  of  gold  is  about 
to  be  examined,  it  is  rubbed  on  the  touchstone,  and  the  colour 
which  it  leaves  is  compared  with  that  communicated  to  the 
stone  by  the  assay-needles  taken  successively ;  that  which  leaves 
a  mark  most  nearly  resembling  that  produced  by  the  specimen, 
is  in  composition  most  nearly  allied  to  it,  and,  as  the  compo- 
sition of  the  needle  is  known,  so  the  operator  is  enabled  to 
judge  of  the  quantity  of  silver  necessary  to  be  added  for  the 
quartation  proof.  The  alloy  is  next  cut  into  small  thin  plates, 
and  fused  in  the  cupel  (see  Silts r),  with  dj^  times  as  much  pure 
silver  as  it  contains  gold,  and  with  three  or  four  times  its 
weight  of  lead.  After  the  operation,  the  gold  and  the  silver 
remain,  the  oxide  of  copper  being  absorbed  with  the  oxide  of 
lead  by  the  cupel.  This  process  is  termed  quartation,  because 
the  gold  forms  one-fourth  part  of  the  cupelled  alloy,  a  propor- 
tion which  admits  of  the  complete  subsequent  extraction  of  the 
silver  by  the  action  of  nitric  acid.  The  alloy  of  gold  and  silver 
is  next  reduced  to  thin  plates,  weighed,  and  gently  heated  with 
nitric  acid,  dilated,  and  quite  free  from  nitrous  and  hydrochloric 
acids  ;  the  silver  dissolves,  the  gold  remaining  untouched.  The 
acid  being  saturated,  a  stronger  acid  is  added,  and  the  solution 
is  gradually  brought  to  boil,  by  which  the  perfect  separation 
of  the  silver  is  accomplished,  the  gold  retaining  still  the  form 
of  the  original  plate.  It  is  therefore  easily  weighed ;  previous 
to  which,  however,  it  must  be  washed  with  distilled  water,  as 
long  as  any  traces  of  silver  appear,  by  the  test  of  common  salt, 
and  then  heated  to  redness.  The  loss  which  the  mass  experiences 
by  the  process  of  cupellation,  indicates  the  quantity  of  copper 
contained  in  the  alloy,  and  the  proportion  of  silver  is  afterwainis 
found  by  the  action  of  the  nitric  acid.  It  must 'particularly  be 
borne  in  mind,  that  if  the  nitric  acid  be  not  free  from  nitrous 
acid,  and  especially  from  hydrochloric  acid,  a  portion  of  the 
gold,  sufficient  to  affect  seriously  the  result  of  the  assay,  may 
be  dissolved. 

Mr.  Makin  has  drawn  attention  to  the  loss  which  occurs  in 
parting  operations,  and  refining  on  a  large  scale,  from  the  solu- 
tion of  gold  in  nitric  acid,  even  when  quite  free  from  hydro- 
chloric acid,  in  consequence  of  the  formation  of  nitrous  acid. 
When  the  silver  is  present  in  large  quantity,  the  solvent  ac- 
tion appears  to  be  restrained  by  electrical  action ;  but  as  the 
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silver  is  removed,  the  solution  of  the  gold  goes  on  more  rapidly. 
The  cause  of  the  evolution  of  nitrous  acid  is  evident  as  long 
as  there  is  any  silver  present,  and  it  oflen  results  from  the  use 
of  charcoal,  to  prevent ''bumping."  When  charcoal  is  thoroughly 
carbonized,  it  does  not  materially  affect  the  acid,  but  if  it  con- 
tain woody  matter,  nitrous  acid  is  sure  to  be  set  free. 

Purification  of  Gold  hy  Cementation, — The  alloy  is  reduced 
to  a  thin  plate,  and  surrounded  in  a  crucible  with  a  pulverulent 
mixture  of  four  parts  of  brick-dust,  one  of  calcined  vitriol,  and 
one  of  common  salt.  It  is  then  exposed  for  16  or  18  hours  to 
a  strong  red-heat.  The  vapours  of  hydrochloric  and  sulphuric 
acids  which  are  formed,  attack  the  metals  mixed  with  the  gold, 
and  the  mass  is  prevented  from  fusing  by  the  brick-dust.  If  the 
first  cementation  has  not  been  found  sufficient  to  purify  the 
gold,  the  operation  is  repeated,  but,  in  the  place  of  common 
salt,  nitre  is  used.  The  same  method  is  employed  to  refine  the 
surface  of  gold  articles  after  they  are  polished.  The  cementa- 
tion  here  produces  the  same  effect  as  tartar  and  salt,  in  which 
silver  goods  are  boiled  to  give  them  a  white  colour. 

Purification  hy  Ftuion  loith  Sulphide  of  Antimony, —  Some 
borax  is  fused  in  a  crucible,  so  that  the  walls  become  lined  with 
the  vitrified  flux ;  a  mixture  of  two  parts  of  sulphide  of  anti- 
mony and  one  of  the  gold  to  be  assayed  is  then  introduced. 
The  sulphur  combines  with  the  foreign  metals,  and  the  anti- 
mony unites  with  the  gold ;  the  alloy  being  removed,  the  scorise 
are  a  second  time  fused,  with  the  addition  of  two  parts  more  of 
sulphide  of  antimony,  and,  when  the  whole  of  the  gold  is  ex- 
tracted, the  various  alloys  are  mixed  together  and  heated  in 
an  open  vessel,  with  two  parts  of  sulphur.  The  sulphide  of 
antimony  volatilizes,  leaving  the  gold ;  to  increase  the  uction,  a 
current  of  air  from  a  pair  of  bellows  may  be  directed  on  the 
surface  of  the  melted  mass,  or,  what  is  perhaps  still  better,  the 
mixture  of  the  two  metals  mav  be  fused  in  a  large  crucible, 
with  three  times  its  weight  of  nitre,  by  which  the  antimony  be- 
comes oxidized  and  dispersed,  the  gold  remaining  untouched. 
Another  method  is  to  fuse  the  gold  alloy  with  a  mixture  of 
oxide  of  lead  and  sulphur,  and  to  add  to  the  fused  mass  char- 
coal in  the  state  of  fine  powder;  the  gold  is  thus  obtained 
alloyed  with  the  lead  only,  from  which  it  may  be  separated  by 
cupeUation. 

In  this  operation  it  frequently  happens  that  some  of  the 
antimony  remains  alloyed  with  the  gold,  a  plan  for  removing 
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which  has  been  suggested  by  Mr.  Warrington  (Jour.  Chem. 
8oc.,vol.  xiii.  p.  33).  It  consists  in  employing  about  ten  per  cent, 
of  oxide  of  copper,  and  a  small  quantity  of  borax,  with  which  the 
alloyed  gold  must  be  kept  in  a  well-fused  state  for  half  an  hour. 
The  result  is  a  perfectly  malleable  gold,  containing  a  small  per« 
centage  of  copper  and  well  fitted  for  the  purpose  of  coinage. 

187.  Selenium. 

When  existing  in  solution  in  the  form  of  selenious  aeid^  it  is 
reduced  by  sulphite  of  ammonia,  which  separates  selenium  in 
the  form  of  a  cinnabar-red  powder,  which,  if  boiled,  becomes 
black ;  it  is  collected  on  a  filter,  and  dried  at  a  very  gentle  heat ; 
nitric  acid,  if  present  in  the  solution,  must  be  decomposed  and 
expelled  by  hydrochloric  acid,  previous  to  the  addition  of  the 
sulphite  of  ammonia.  When,  however,  selenium  is  contained 
in  a  solution,  as  selenic  (idd,  it  must  first  be  reduced  to  seleni- 
ous  acid  by  boiling  with  hydrochloric  acid,  and  then  precipi- 
tated by  sulphite  of  ammonia. 

As  selenium  is  precipitated  from  its  solution  when  in  the 
form  of  selenious  acid  by  sulphuretted  hvdrogen,  it  may  thus 
be  separated  from  all  those  substances  which  are  not  precipi* 
tated  by  that  reagent.  Selenic  acid  does  not,  however,  possess 
the  property  of  being  precipitated  by  sulphuretted  hydrogen ; 
when  selenium,  therefore,  exists  in  this  state,  and  has  to  be 
separated  from  other  substances,  it  must  be  reduced  to  sele* 
nious  acid. 

Sulphide  of  selenium  has  the  following  composition : — 

One  equivalent  of  Se      .     .     39*76   .     .    66-40 
Two      ditto      of  S   .     .     .     3200  .     .   4400 

One  ditto  of  SeS   ....     7176    .     .10000 

According  to  Oppenheim,  selenium  may  be  estimated  by 
fusing  the  body  containing  it  with  cyanide  of  potassium,  dis- 
solving the  fused  mass  in  water,  and  then  supersaturating  the 
solution  with  hydrochloric  acid,  which  effects  the  complete 
separation  of  the  selenium  at  the  end  of  a  few  hours.  The 
fusion  ought  to  be  performed  in  an  atmosphere  of  hydrogen ; 
it  is  advisable  when  the  t«ubstance  contains  free  selenious  acid, 
previously  to  saturate  this  acid  with  an  alkaline  carbonate,  so 
as  to  avoid  volatilizing  small  portions  before  the  cyanide  of  po- 
tassium has  had  time  to  react  upon  it.  The  solution  obtained 
by  treating  the  fused  mass  with  water,  contains  seleno-cyanide 
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of  potasBium,  together  with  a  small  quantity  of  selenide.  It  is 
necessary  on  this  account  to  boil  the  liquid  for  some  time  be- 
fore the  addition  of  hydrochloric  acid,  to  convert  the  selenide 
into  seleno-cyanide.  Without  this  precaution,  a  portion  of  the 
selenium  might  be  disengaged  in  the  form  of  seleniuretted 
hydrogen. 

The  ordinary  process  for  estimating  selenic  acid  consists  in 
precipitating  it  as  a  baryta  salt.  According  to  Bose,  however 
(PoggendorflTs  ^Annalen  der  Physik  und  Chemie,^  cxiii.  472  and 
624),  seleniate  of  baryta  is  much  more  soluble  than  sulphate, 
and  it  possesses  in  a  high  degree  the  propertv  of  carrying  down 
the  soluble  salts  which  are  contained  in  the  liquid  ;  it  is  always 
better,  therefore,  to  reduce  the  selenic  acid  to  selenious  acid  by 
hydrochloric  acid,  and  then  to  precipitate  the  selenium  with  sul* 
phurous  acid. 

Selenium  cannot  be  separated  from  the  metals  with  which  it 
is  combined  when  the  sulphides  of  these  metals  are  insoluble  in 
sulphide  of  ammonium,  by  making  use  of  the  solubility  of  sele- 
nium in  this  reagent,  because  the  insoluble  metallic  sulphide 
is  almost  always  mixed  with  selenium.  Most  frequently  sele- 
nium may  be  separated  from  metals  by  heating  the  mixture  in 
a  current  of  chlorine ;  the  chlorides  of  selenium  are  sufficiently 
volatile  to  render  the  separation  generally  easy.  In  acid  solu- 
tions of  the  selenites  of  metals  not  precipitable  by  sulphuretted 
hydrogen,  the  selenium  may  be  precipitated  by  this  gas  in  the 
state  of  sulphide. 

To  estimate  the  alkalies  and  alkaline  earths  combined  with 
selenium,  it  is  sufficient  to  fuse  them  with  chloride  of  ammonium. 
The  alkali  or  alkaline  earth  remains  in  the  state  of  chloride  ; 
one  single  fusion,  or  two  at  the  most,  are  sufficient  to  drive  off 
all  the  selenium. 

When  it  is  desired  to  estimate  the  selenic  acid  in  an  inso- 
luble combination,  particularly  in  seleniate  of  baryta,  the  com- 
pound is  decomposed  by  an  alkaline  carbonate,  the  transfor- 
mation into  alkaline  seleniate  takes  place  even  in  the  cold  ;  it 
is  then  easy  to  reduce  the  selenic  into  selenious  acid  by  means 
of  hydrochloric  acid. 

Analysis  of  Seleniate  of  Lead, — It  is  reduced  to  a  fine  state 
of  division,  and  diffused  in  water,  through  which  a  current  of 
sulphuretted  hydrogen  is  passed ;  the  liquor  filtered  from  the 
sulphide  of  lead  is  boiled,  to  expel  the  excess  of  sulphuretted 
hydrogen,  and  the  selenic  acid  is  precipitated  as  seleniate  of 
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baryta,  which  is  decomposed  by  an  alkaline  carbonate  as  above 
directed. 

188.  TELLmiTnc. 

According  to  Bosi  (PoggendorfTs  '  Annalen,'  vol.  exit.  p. 
307),  the  best  reagent  to  precipitate  tellurium  from  solutions 
of  tellurous  acid  is  sulphurous  acid.  The  solution  should  be 
strongly  acidulated  with  hydrochloric  acid.  Phosphorous  acid 
may  also  be  used,  but  not  so  effectively.  To  analyse  compounds 
of  telluric  acid,  Bose  directs  to  fuse  the  compound  at  a  gentle 
heat  with  cyanide  of  potassium  in  a  long-necked  flask  through 
which  a  current  of  hydrogen  is  passed.  After  fusing  for  about 
ten  minutes,  it  is  allowed  to  cool  in  the  current  of  hydrogen ; 
the  flask  is  then  filled  up  with  water,  and  turned  upside  down  in 
a  beaker  filled  with  the  same  fluid.  The  telluride  of  potassium 
dissolves,  colouring  the  water  red ;  it  decomposes  in  the  air, 
depositing  tellurium ;  this  decomposition  is  hastened  by  pass^ 
ing  a  current  of  air  through  the  solution.  The  deposited  tellu- 
rium is  collected  on  a  filter,  and  the  liquid  after  the  addition  of 
hydrochloric  acid  is  treated  with  sulphurous  acid  to  reduce  a 
small  quantity  of  tellurous  acid  .which  may  have  been  formed. 
A  boiling  solution  of  cyanide  of  potassium  dissolves  very  little 
tellurium,  telluro-eyanide  of  potassium  is  formed  in  this  case; 
from  this  solution,  tellurium  is  precipitated  by  hydrochloric 
acid,  llie  results  obtained  by  fusing  tellurates  with  alkaline  car- 
bonates are  less  accurate  than  when  cyanide  of  potassium  is  used. 

Estimation  as  Sulphide, —TeMvLTOUA  acid  is  completely  preci- 
pitated from  its  hydrochloric  solution  by  sulphuretted  hydrogen ; 
it  may  be  dried  at  212°,  and  weighed  as  sulphide,  the  composi- 
tion of  which  is — 

One  equivalent  of  Te .     .     .     64*5     .     .     66*84 
Two      ditto      ofS   .     .     .     820    .     .     3316 

One      ditto       of TeS    .     .    96  5     .     .  10000 

Tellurous  acid  may  also  be  estimated  by  simple  evaporation 
on  the  water-bath ;  when  it  is  dissolved  in  other  acids,  especially 
in  nitric  acid,  the  dry  mass  is  heated  in  a  platinum  crucible  at 
not  too  great  a  heat.  If  there  be  hydrochloric  acid  in  the  solu- 
tion nitric  acid  must  be  added. 

Tellurium^  like  Seleniumy  cannot  be  separated  from  other 
metals  by  sulphide  of  ammonium,  because  a  portion  of  tellurium 
invariably  remains  in  the  precipitated  sulphides. 
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SeparaHon  qf  Tellurium  from  Selenium. — The  substance  is 
fused  with  ten  times  its  weight  of  cyanide  of  potassium  in  an 
atmosphere  of  hydrogen,  in  which  the  fused  mass  is  allowed  to 
cool.  This  is  dissolved  in  abundance  of  water,  and  a  current 
of  atmospheric  air  passed  through  the  solution.  At  the  expira- 
tion of  twelve  hours  the  deposited  tellurium  is  separated  by 
filtration,  and  the  selenium  is  estimated  in  the  liquid  in  the 
manner  already  described. 

Separation  of  Selenium,  Tellurium^  and  Sulphur. — The  sub- 
stance is  fused  with  cyanide  of  potassium  in  an  atmosphere  of 
hydrogen,  the  fused  mass  is  dissolved  in  water,  and  the  tellu- 
num  precipitated  by  a  current  of  air ;  the  filtered  liquid  ie 
boiled,  the  selenium  is  precipitated  with  hydrochloric  acid,  and 
the  sulphur  in  the  filtrate  is  changed  into  sulphuric  acid  by 
the  action  of  chlorine,  after  supersaturating  with  potassa. 

189.  TuNGSTBir. 

The  method  proposed  by  Berzelius  for  quantitatively  estima- 
ting tungstic  acid,  was  to  precipitate  it  from  its  neutral  or  al- 
kaline solution  in  the  form  of  sulphide  of  tungsten  by  sulphide 
of  ammonium,  and  then  to  add  excess  of  the  reagent,  by  which 
the  sulphide  is  dissolved ;  from  this  solution  it  is  reprecipitated 
by  nitric  acid,  and  having  been  washed  and  dried,  it  is  roasted 
by  a  gentle  heat,  whereby  it  becomes  converted  into  tungstic 
acid,  in  which  state  it  is  weighed.  The  composition  of  tungstic 
acid  is — 

One  equivalent  of  W  (Wolfram)    92    .     .     79-31 
Three    ditto      of  O     .     .     .     .  _24     .     .     20*69 

One      ditto      of WOg   ...  116    .     .  10000 

A  method  of  determining  the  quantity  of  tungstic  acid  in 
neutral  salts  by  nitrate  of  mercury,  has  also  been  described  by 
Berzelius. 

The  following  is  the  plan  proposed  by  M.  Marguerite 
Q  Oomptes  Bendus,'  Feb.  drd,  1845).  He  recommends  it  as 
being  very  simple  and  perfectly  exact. 

The  salt  to  be  analysed  is  placed  in  a  small  platinum  crucible, 
and  several  times  its  weight  of  pure  concentrated  sulphuric 
acid  added.  At  first  a  gentle  heat  is  employed,  and  then  the 
temperature  is  gradually  raised  to  a  red-heat.  After  calcination 
the  residue  is  composed  of  an  acid  sulphate  and  of  free  tungstic 
acid.    It  is  thrown  on  a  filter,  washed  with  water,  charged  with 
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sal-ammoniac,  wliich  prevents  the  tungstic  acid  from  combining 
with  water,  and  from  passing  through  the  filter,  which  fre- 
quently happens,  even  wtien  it  has  been  ignited.  When  the  last 
washings  no  longer  precipitate  chloride  of  barium,  the  residue 
is  ignited  to  drive  away  the  sal-ammoniac,  and  a  few  drops  of 
nitric  acid  added  to  obviate  any  error  that  might  arise  from  a 
slight  reduction  which  the  tungstic  acid  may  have  undergone, 
and  to  ensure  the  perfect  combustion  of  the  last  traces  of  char- 
coal of  the  filter,  in  this  way  the  tungstic  acid  may  be  directly 
determined. 

Analysis  of  Insoluble  Tungstates, — They  are  fused  with  car- 
bonate of  potassa  in  a  platmum  crucible,  by  which  operation 
tungstate  of  potassa  is  formed,  which  salt,  being  soluble  in 
water,  may  be  treated  with  sulphide  of  ammonium  as  above 
directed. 

Analysis  of  Wolfram, — This  mineral,  which  is  a  double  tung- 
state of  iron  and  manganese,  is  best  analysed  according  to 
Wohler,  by  mixing  it  in  a  finely  divided  state  with  two  parts 
of  dry  chloride  of  calcium,  and  fusing  in  a  platinum  crucible. 
The  melted  mass  is  treated  with  water,  which  dissolves  out  the 
chlorides  of  manganese  and  iron,  and  leaves  the  tungsten  in  the 
form  of  insoluble  tungstate  of  lime. 

Another  method  (wohler).— The  levigated  mineral  is  di- 
gested with  a  mixture  of  four  parts  of  concentrated  hydrochloric 
acid,  and  one  part  of  nitric  acid,  until  it  is  completely  decom- 
posed, the  solution  is  then  evaporated  to  dryness  on  the  water- 
bath,  the  chloride  of  manganese  and  sesquichloride  of  iron 
are  dissolved  out,  the  tungstic  acid  filtered  ofi*,  washed  with 
alcohol,  dissolved  in  ammonia,  again  filtered,  the  solution 
evaporated,  the  residual  ammonia-salt  ignited  with  access  of 
air,  and  the  tungstic  acid  weighed ;  the  filtrate  containing  al- 
cohol is  evaporated  to  expel  the  latter,  diluted  with  water, 
and  the  oxides  of  manganese  and  iron  separated  in  the  usual 
manner. 

190.  Molybdenum. 

This  metal  is  weighed  in  the  form  of  the  grey  bisulphide. 
It  is  precipitated  from  its  solution  in  sulphide  of  ammonium  by 
hydrochloric  or  acetic  acid.  The  compound  thus  precipitated 
is  the  tersulphide,  which  may  indeed  be  converted  by  ignition 
into  molybdic  acid  (MO3),  but  it  would  not  be  safe  to  estimate 
the  metal  in  this  form,  because,  at  the  temperature  necessary 
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to  decompose  the  tersulphide,  a  portion  of  moljbdic  acid  would 
be  volatilized.  Bose,  therefore,  directs  the  precipitate  occa- 
sioned by  adding  hydrochloric  or  acetic  acid  to  the  solution  of 
tersulphide  of  molybdenum  in  sulphide  of  ammonium,  to  be 
gently  ignited  in  a  small  weighed  retort,  by  which  it  loses  one 
of  its  atoms  of  sulphur,  leaving  the  bisulphide,  which  has  the 
following  composition : — 

One  equivalent  of  Mo  ....     48     ..     60 
Two      ditto      ofS 32     .     .     40 

One      ditto      of  MoSg    .     .     .     80    .     .  100 

From  all  the  metallic  oxides,  the  sulphides  corresponding 
to  which  are  not  soluble  in  sulphide  of  ammonium,  molybdenum^ 
like  tungsten,  may  be  separated  by  that  reagent.  For  this  pur- 
pose, the  compound  is  dissolved  in  excess  of  hydrochloric  acid ; 
should  lead  or  silver  be  present,  the  chlorides  thus  formed  are 
removed  by  filtration,  excess  of  sulphide  of  ammonium  contain- 
ing excess  of  sulphur  is  added,  and  the  mixture  digested  for 
an  hour.  It  is  then  filtered,  the  filtrate  containing  the  tersul- 
phide of  molybdenum  is  supersaturated  and  digested  with  ace- 
tic or  hydrochloric  acid,  and  the  precipitate  treated  as  above 
directed. 

Analysis  of  Molyhdate  of  Lead  (Wohler). — The  finely  pow- 
dered mineral  is  completely  decomposed  by  digestion  with  nitric 
acid,  the  solution  is  neutralized  with  ammonia,  and  digested  with 
excess  of  sulphide  of  ammonium.  The  sulphide  of  lead  which 
is  thus  formed  is  filtered  off  from  the  dissolved  molybdate,  washed 
with  dilute  sulphide  of  ammonium,  dried  at  212°,  and  weighed. 
From  the  solution,  the  sulphide  of  molybdenum  is  precipitated 
by  dilute  nitric  acid,  collected  upon  a  filler,  washed,  dried  at 
212°,  and  weighed.  A  weighed  portion  of  it  is  then  introduced 
into  a  bulb-tube,  and  heated  in  a  stream  of  hydrogen  until  it 
loses  no  more  sulphur;  from  the  weight  of  residual  bisulphide 
calculated  for  the  total  amount  of  the  precipitate,  that  of  the 
molybdic  acid  is  ascertained. 

191,   TlTANltTM. 

This  metal  when  it  exists  in  solution  in  the  form  of  titanic 
acid  may  be  completely  precipitated  by  ammonia^  taking  care 
not  to  use  a  large  excess  of  the  precipitant ;  it  shrinks  very 
much  in  drying.  When  ignited  it  has  a  light  brown  tinge ;  its 
composition  is — 


436  QUANTITATIVE  ANALYSIS. 

One  equivalent  of  Titanium    .    25     •     .    60*97 
Two      ditto      of  Oxygen       ,    1J&    .    .    39  03 

One      ditto      ofTiOg    .     .      41     .     .  10000 

Acid  solutions  of  titanic  acid  are  precipitated  by  lonff  <ion- 
tinued  boiling,  but  the  precipitation  is  not  complete,  unfess  it 
exist  in  solution  in  sulphuric  acid.  The  precipitated  titanic 
acid  must  be  washed  with  acidulated  water,  but  as  this  always 
dissolves  a  little  titanic  acid,  it  caunot  be  completely  separated 
from  other  substances  in  this  way.  If  pure  water  be  employed 
to  wash  the  precipitated  titanic  acid,  it  gradually  carries  the 
whole  of  it  through  the  filter.  Titanic  acid  after  ignition  is 
.insoluble  in  all  acids  but  concentrated  and  boiling  sulphuric. 
When  fused  with  pure  or  carbonated  alkalies,  it  enters  into 
combination  with  them.  The  fused  mass  loses  a  portion  of 
its  alkali  by  washing  with  water,  and  an  acid  titanate  of  the 
alkali  is  left  which  is  soluble  in  warm  hydrochloric  acid.  When 
the  solution  is  diluted  and  boiled  for  a  long  time,  nearly  the 
whole  of  the  titanic  acid  is  separated  in  the  form  of  a  heavy 
white  precipitate.  If  a  piece  of  zinc,  iron,  or  tin  be  introduced 
into  the  hydrochloric  solution  of  an  alkaline  titanate,  the  liquor 
assumes  a  blue  colour,  and  a  blue  precipitate  is  formed  which 
gradually  becomes  white ;  a  similar  precipitate  is  formed  on  add- 
ing excess  of  potassa  or  ammonia  to  the  hydrochloric  solution, 
having  previously  removed  the  zinc,  tin,  or  iron.  When  titanic 
acid  or  titanates  of  bases  which  do  not  impart  colours  to  fluxes 
are  heated  in  contact  with  a  fragment  of  pure  tin,  or  still  better 
of  pure  zinc,  with  microcosmic  salt  in  the  inner  blowpipe  flame, 
a  blue  or  violet-coloured  bead  is  produced  which  disappears  in 
f.be  outer  flame ;  by  this  reaction,  titanic  acid  is  well  distin- 
guished from  all  other  substances. 

Estimation  of  Titanic  Acid  in  Silicates  — Titanic  acid  exists 
in  many  silicates  in  which  its  presence  may  easily  be  overlooked. 
Scheerer  ('Anualen  der  Chemie  und  Pharmacie,'  Band  cxL  872) 
gives  the  following  method  for  separating  and  estimating  it : — 
When  the  silicate  is  decomposed  in  the  ordinary  way  by  acids 
or  by  carbonate  of  soda,  the  greater  part  of  the  titanic  acid  is 
found  in  the  precipitate  obtained  by  adding  ammonia  to  the  so- 
lution filtered  from  the  silicic  acid ;  but  some  remains  with  the 
latter.  To  separate  this  it  is  heated  with  hydrofluoric  and  sul- 
phuric acids,  and  the  residuum  is  added  to  the  precipitate  which 
has  been  previously  ignited.    The  united  mass  in  which  besides 
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titanic  acid,  alumina,  oxide  of  iron,  manganese,  and  some  lime 
and  magnesia  may  be  present,  is  fused  with  bisulpbate  of  po- 
tassa,  the  temperature  beiug  gradually  raised,  until  the  greater 
part  of  the  sulphuric  acid  in  excess,  is  dissipated.  The  fused 
mass  is  then  dissolved  in  a  large  quantity  of  water,  and  sulphu' 
retted  hydrogen  is  passed  through  until  the  peroxide  of  iron  is 
reduced  to  protoxide  ;  after  this,  the  solution  is  boiled,  and  the 
fluid  being  Kept  hot,  carbonic  acid  is  passed  through ;  the  bases 
remain  in  solution,  while  the  titanic  acid  is  precipitated. 

Separation  of  Titanic  Add  from  the  metals  of  the  Fifth  Chroup, 
— This  is  easily  efiected  by  sulphuretted  hydrogen,  which  in  an 
acid  solution,  does  not  precipitate  titanic  acid,  whilst  all  the 
oxides  comprised  in  this  group  are  thrown  down  by  this  re- 
agent as  sulphides. 

Separation  of  Titanic  Acid  from  Oxide  of  Iron, — Eose  di- 
rects to  add  to  the  solution  containing  these  two  oxides,  first, 
pure  tartaric  acid  in  excess,  and  afterwards  ammonia,  and  then  to 
precipitate  the  iron  as  sulphide,  bv  sulphide  of  ammonium.  If 
no  other  fixed  substance  besides  titanic  acid  be  present  in  the 
filtrate  from  the  sulphide  of  iron,  it  may  be  evaporated  to  dry- 
ness and  ignited  till  all  the  volatile  substances,  and  the  carbon 
of  the  tartaric  acid  have  been  burnt  off;  titanic  acid  remains. 
Mosander  places  the  finely  divided  compound  in  a  porcelain 
tube,  and  ignites  it  in  a  current  of  dry  hydrogen  gas,  until  the 
oxide  of  iron  is  completely  reduced,  which  is  known  by  aqueous 
vapour  ceasing  to  be  condensed  in  a  glass  tube  connected  with 
the  porcelain  tube  in  which  the  ignition  has  taken  place.  The 
resiauum  is  allowed  to  cool  in  the  stream  of  hydrogen ;  it  is  then 
weighed,  and  digested  in  strong  hydrochloric  acid  which  dis- 
solves the  iron  and  leaves  the  titanic  acid. 

To  determine  the  titanium  which  frequently  exists  in  pig- 
iron,  Riley  (Joum.  Ghem.  Soc.,vol.  xvi.  p.  391)  proceeds  in  the 
following  manner : — 200  grains  of  the  pig  are  dissolved  in  dilute 
hydrochloric  acid  ;  when  nearly  the  whole  is  dissolved,  and  the 
action  of  the  acid  has  ceased,  more  hydrochloric  acid  is  added,  and 
the  solution  boiled,  so  as  thoroughly  to  extract  the  iron.  The 
solution  is  then  thrown  on  dried  counterpoised  filters  encircling 
each  other,  and  the  residue  on  the  filters  well  washed  to  remove 
all  the  iron.  It  is  then  treated  with  a  dilute  solution  of  caustic 
potassa,  washed  once,  and  then  again  treated  with  the  alkali  so  aa 
entirely  to  remove  the  silica.  The  potassa  is  thoroughly  washed 
out,  and  the  filters  washed,  first  with  hydrochloric  acid,  and  then 

2a 
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with  boiling  water ;  it  is  then  dried  at  250^  until  the  weight  is 
constant.  This  ^ives  the  graphite,  on  burning  which,  a  residue 
of  a  dirty  light-brown  colour  is  left.  This  is  fused  with  bisul- 
phate  of  potassa ;  the  fused  mass  is  dissolved  in  cold  water  and 
then  boiled  for  some  hours ;  on  standing,  the  titanic  acid  sub- 
sides, it  is  collected  on  a  filter,  washed  with  dilute  hydrochloric 
acid,  dried,  ignited,  and  weighed. 

II.  ACIDS. 

192.  ACLDS   07  SULPHITB. 

(1.)  Sulphuric  Acid.-^ThiB  acid  is  nearly  always  estimated 
by  converting  it  into  sulphate  ofharyta.  If  the  substance  to 
be  examined  be  dissolved  in  water,  it  must  be  acidified  with 
pure  hydrochloric  acid,  heated  nearly  to  ebullition,  and  chloride 
of  barium  or  nitrate  of  baryta  added  till  no  further  precipi- 
tation occurs.  The  sulphate  of  barvta  formed,  usually  subsides 
quickly  and  completely,  but  it  should  be  allowed  to  settle 
thoroughly  before  it  is  filtered ;  it  is  washed  ou  the  filter  re- 
peatedly with  boiling  distilled  water,  dried,  and  ignited,  the 
weight  of  the  ash  left  by  the  filter,  which  has  been  determined 
by  a  previous  experiment,  being  deducted :  for  the  composition 
of  sulphate  of  baryta,  see  p.  277.  If  the  substance  analysed 
be  dissolved  in  nitric  acid,  it  must  be  well  diluted  with  distilled 
water  before  it  is  precipitated  by  a  baryta  salt,  otherwise  nitrate 
of  baryta  may  be  thrown  down,  which  would  afterwards  require 
long-continued  washing  to  remove ;  in  all  cases,  the  operator 
must  be  careful  to  wash  the  precipitate  on  the  filter  till  the 
washings  no  longer  give  any  cloudiness  when  dropped  into  di- 
lute sulphuric  acid.  Should  the  substance  under  examination 
be  insoluble  in  water  and  in  hydrochloric  acid  (sulphates  of 
baryta,  strontia,  lime,  or  lead,  for  example),  it  must  be  fused  in 
a  platinum  crucible  (porcelain  in  the  case  of  lead)  with  about  four 
times  its  weight  of  a  mixture  of  pure  carbonate  of  soda  and  car- 
bonate of  potassa,  the  whole  having  been  previously  well  mixed 
by  trituration  in  a  mortar ;  the  mass  shoiild  be  kept  in  a  state 
of  fusion  for  some  time,  to  ensure  complete  decomposition,  and 
when  cool,  transferred  to  a  dish,  and  digested  with  distilled 
water  repeatedly,  till  all  the  soluble  matter  is  removed ;  this 
contains  the  whole  of  the  sulphuric  acid  of  the  compound  ana- 
lysed, in  combination  with  soda  and  potassa,  together  with  the 
excess  of  the  alkaline  carbonates ;  the  base  or  bases  with  which 
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the  acid  had  been  previously  in  combination,  remain  in  the  form 
of  insoluble  carbonates,  and  are  to  be  determined  in  the  man- 
ner directed  in  the  preceding  pages.  The  sulphuric  acid  is  pre- 
cipitated from  the  solution  by  nitrate  of  baryta  or  chloride  of 
barium,  the  liquid  having  been  previously  supersaturated  with 
hydrochloric  acid,  or  with  nitric  acid,  if  lead  be  present ;  the 
precipitant  in  that  case  being  nitrate  of  baryta. 

Volumetric  estimation  of  Sulphuric  Acid  (Schwartz).  — A 
standard  solution  of  nitrate  of  lead  is  prepared,  containing 
83*100  grammes  in  each  litre,  which  solution  corresponds  to 
the  standard  solution  of  bichromate  of  potassa  employed  by 
the  author  for  the  volumetric  estimation  of  lead  (see  Lead). 
This  lead  solution  is  added  to  the  fluid  containing  the  sulphuric 
acid  in  such  proportion  as  to  allow  a  slight  excess  of  the  lead, 
after  which,  the  precipitate  is  filtered  and  washed,  and  the 
filtrate  being  mixed  with  acetate  of  soda,  the  excess  of  lead 
is  estimated  by  the  standard  solution  of  bichromate.  Every 
cubic  centimetre  of  the  lead  solution  requires  0008  grammes 
of  sulphuric  acid  for  precipitation ;  should  the  base  (as  in  sul- 
phate of  lime)  occasion  some  inconvenience,  it  may  be  removed 
by  boiling  with  carbonate  of  soda ;  and  hydrochloric  acid,  if  pre- 
sent, must  be  expelled,  by  adding  nitric  acid  and  evaporating 
to  dryness.  Phosphoric  and  arsenic  acids  also  occasion  embar- 
rassment, as  in  the  presence  of  acetate  of  soda,  tribasic  phos- 
phate and  arsenate  of  lead  are  both  thrown  down ;  this  me- 
thod of  estimating  sulphuric  acid  would  seem  therefore  to  have 
somewhat  limited  applications. 

(2.)  Sulphurous  Acid, — The  precipitate  which  this  acid 
forms  with  barytic  salts  is  soluble  in  hydrochloric  acid,  by 
which  it  is  at  once  distinguished  from  sulphate  of  baryta ;  when 
a  soluble  sulphite,  or  a  salt  of  any  of  the  other  lower  acids  of 
sulphur  is  presented  for  analysis,  it  is  converted  into  sulphate 
by  careful  and  protracted  digestion  with  nitric  acid,  or  with 
aqua-regia :  dry  sulphites,  hyposulphites ^  and  hyposulphites  may 
also  be  converted  into  sulphates  by  fuming  nitric  acid.  When 
a  mixture  of  a  sulphate  and  a  sulphite  has  to  be  examined,  two 
difierent  portions  of  the  compound  are  analysed ;  in  one  the 
quantity  of  sulphuric  acid  is  determined  in  the  ordinary  man- 
ner, namely,  by  precipitating  it  from  its  hydrochloric  solution 
by  chloride  of  barium  or  nitrate  of  baryta ;  the  other  portion  is 
digested  with  nitric  acid  or  with  aqua-regia,  and,  the  sulphite 
being  thus  converted  into  sulphate,  the  solution  is  also  precipi- 

2a2 
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tated  by  a  barytic  salt.  The  difference  in  the  two  quantities  ot 
sulphuric  acid  found,  furnishes  the  data  for  calculating  the  pro- 
portion of  sulphite  in  the  compound.  The  same  method  may 
be  adopted  for  analysing  mixtures  of  sulphates  with  salts  of  any 
of  the  other  lower  acids  of  sulphur. 

Analysis  of  a  mixture  of  the  (liferent  compounds  of  Sulphur 
with  Oxygen*  (Fordos  and  Ghelis). — The  process  is  founded 
on  the  different  action  which  chlorine  and  iodine  exert  on  the 
acids  of  snlphur.  Thus,  neither  of  these  bodies  exerts  any  ac- 
tion on  sulphuric  or  hyposulphuric  acids,  while  they  rapidly 
convert  sulphurous  into  sulphuric  acid.  On  passing  a  current 
of  chlorine  into  a  dilute  solution  of  a  hyposulphite,  sulphur 
is  precipitated,  and  sulphurous  acid  disengaged ;  and  on  pass- 
ing the  gas  into  a  solution  of  the  sulp hyposulphuric  acid  of 
Langlois,  or  the  bisulphyposulphuric  acid  of  Fordos  and  Gelis, 
the  whole  of  the  sulphur  becomes  converted  into  sulphuric 
acid ;  again,  iodine,  though  without  any  action  on  the  sulpho- 
hyposulphates,  exerts  an  action  of  a  peculiar  nature  on  so- 
lutions of  the  hyposulphites.  MM.  Fordos  and  Gelis  apply 
these  facts  to  the  analysis  of  mixtures  of  salts  of  the  different 
acids  of  sulphur.  Thus,  suppose  the  solution  to  contain  a  sul- 
phate, a  sulphite,  a  hyposulphite,  a  hyposulphate,  and  a  bisulpho- 
liyposulphate.    The  liquid  is  divided  into  four  equal  portions. 

I.  The  sulphuric  acid  is  determined  by  chloride  of  barium, 
the  precipitated  sulphate  of  baryta  being  washed  first  for  some 
time  with  boiling  distilled  water,  and  then  with  water  rendered 
slightly  acid  with  hydrochloric  acid ;  the  solution  must  not  be 
acid  previous  to  adding  the  chloride  of  barium,  or  a  partial  oxi- 
dation of  the  sulphurous  acid  may  take  place,  thus  occasioning 
too  large  an  amount  of  sulphate  of  baryta. 

II.  Another  portion  is  mixed  with  a  considerable  quantity 

*  Six  of  these  compoimds  have  been  well  made  out,  and  the  existence  of 
MTeral others  is  probable;  the  six  well-defined  acids  haye  the  following  com- 
position:— S  OySOjiSoOf,  S3 O^tS^OtjSfOf,  and  they  haye  been  thus  classi- 
fied by  Benelius  :— 

Monothionic  SO|,SO<i .  Sulphuric  and  sulphurous  acids. 
Dithionic  .    .  SjOjiSjO,  Hyposulphurous  and  hyposulphuric  adds. 
Trithionic     .  SQOg  .     .  Sulphyposulphuric  acid  of  Langlois. 
Tetxathionio .  84  0^  .    .  Bisulpho-byposulphuric  acid  of  Fordos  and  Gelis. 

Besides  these,  a  new  series  of  aoids  of  sulphur  has  been  announced  by  Pleesy 
(*  Comptes  Bendus,'  Aug.  1845),  to  which  he  assigns  the  following  compo- 
sition : — SjOgjSjOpSfiOyjSgOioj  and  M.  Wackenroder,  and  MM.  Fordos 
und  Gelis,  have  eacn  dkicribed  an  acid  baying  the  composition  S^Of. 
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of  carbonate  of  magnesia,  and  saturated  witli  iodine,  the  qunn* 
tity  required  being  carefully  noted ;  the  amount  of  sulphuric 
acid  contained  in  the  liquid  is  again  determined  by  chloride  of 
barium ;  the  quantity  of  sulphate  of  baryta  obtained  will  be 
greater  than  in  the  first  experiment,  and  the  increase  will  indi- 
cate the  quantity  of  sulphurous  acid,  and  the  weight  of  iodine 
which  it  was  necessary  to  employ  in  order  to  convert  it  into 
sulphuric  acid ;  when  this  point  is  attained,  it  is  easy,  without 
having  recourse  to  any  other  experiment,  and  by  a  simple  sub- 
traction, to  procure  all  the  elements  necessary  for  the  determi- 
nation of  the  amount  of  hyposulphurous  acid.  The  quantity 
of  iodine  which  had  been  required  to  convert  the  sulphurous 
acid  into  sulphuric,  is  subtracted  from  the  total  amount  em- 
ployed ;  the  aifFerence  will  have  been  absorbed  by  the  hyposul- 
phurous acid  ;  tioo  equivalents  of  this  acid  absorb  one  of  iodine. 
In  treating  the  liquid  with  iodine,  an  alcoholic  solution  of  known 
strength  is  employed,  or  small  fragments  of  iodine  are  added 
by  degrees  to  the  liquid  from  a  flask,  the  weight  of  which  has 
been  previously  determined.  The  solution  is  very  rapid,  and  the 
point  of  saturation  is  easily  ascertained.  As  soon  as  the  liquor 
acquires  a  yellow  colour,  no  more  should  be  added.  The  change 
of  colour  is  very  striking,  and  it  is  quite  useless  to  add  starch  or 
any  other  foreign  body  to  the  solution.  The  necessity  of  adding 
carbonate  of  magnesia  to  the  liquid  previous  to  the  addition  of 
the  iodine,  arises  from  the  fact,  that  water  is  decomposed  by  the 
sulphite,  which  is  also  in  solution  ;  it  becomes  sulphate,  taking 
oxygen  from  the  water ;  at  the  same  time  the  iodine  takes  the 
hydrogen,  and  hydriodic  acid  is  formed ;  but  this  acid  would,  if 
at  the  moment  of  its  production  it  did  not  find  a  base  to  satu- 
rate it,  act  on  the  undecomposed  portion  of  the  sulphite,  or  on 
the  hyposulphite,  which  the  liquid  likewise  contains,  and  there 
would  be  a  loss  of  sulphurous  acid  and  a  deposit  of  sulphur. 

III.  This  portion  of  the  liquid  is  employed  to  determine 
the  amount  of  bisulpho-hyposulphuric  acid.  It  is  saturated 
with  iodine,  without,  however,  keeping  any  account  of  the 
quantity  employed.  The  iodine  forms  as  before,  a  sulphate  at 
the  expense  of  the  sulphite,  and  a  bisulpho-hyposulphate  at 
the  expense  of  the  hyposulphite.  This  quantity  will  go  to  in- 
crease that  already  contained  in  the  solution.  This  being 
done,  about  100  parts  of  water  are  added  to  the  liquid  under 
examination,  through  which  a  current  of  chlorine  is  then 
passed.     This  gas  will  bring  to  the  state  of  sulphate,  the  whole 
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of  the  sulpbur  of  the  bisulpho-hyposulphate,  without  attacking 
that  of  the  ordinary  hyposulphite.  "When  the  saturation  is 
complete,  chloride  of  barium  is  added  to  the  solution ;  the 
weight  of  the  sulphate  of  baryta  obtained  will  represent  the 
sulphur  of  the  sulphate,  of  the  sulphite,  of  the  hyposulphite, 
and  of  the  bisulpho-hyposulphite.  As  the  operations  made  with 
the  first  and  second  portions  of  the  liquid  will  have  indicated 
the  quantity  of  sulphur  contained  in  the  three  first,  the  dif- 
ference between  the  two  weights  will  serve  to  determine  the 
amount  of  sulphur  contained  in  the  latter,  and  consequently 
its  entire  amount. 

IV.  There  will  now  only  remain  the  hyposulphuric  acid. 
To  determine  this  it  will  suffice  to  know  the  total  amount  of 
sulphur  in  the  mixture  analysed ;  for  then,  after  having  assigned 
to  the  four  other  acids  the  amount  pertaining  to  them,  the  dif- 
ference must  of  course  belong  to  the  hyposulphuric  acid.  The 
solution  is  evaporated  to  dryness,  a  small  quantity  of  caustic 
soda  being  added,  to  retain  the  sulphurous  gases ;'  the  solid 
residue  is  treated  in  the  usual  manner  with  fuming  nitric  acid, 
and  the  amount  of  sulphur  determined  by  chloride  of  barium. 
(3.)  Rydrosulphurie  Acid  (Sulphuretted  Hydrogen) : — 
I.  Estimation  of ,  in  a  free  state,  by  a  Solution  of  Iodine  in 
Iodide  of  Potassitfm. — This  method  is  based  on  the  fact  that 
one  equivalent  of  iodine  decomposes  one  equivalent  of  hydrosul- 
phuric  acid,  the  results  being  hydriodic  acid  and  sulphur : — 

HS+I=HI  +  S. 
5  grammes  of  pure  iodine  (perfectly  dry)  are  dissolved  in  a 
concentrated  solution  of  pure  iodide  of  potassium,  and  water 
added  till  the  whole  occupies  exactly  one  litre=1000  cubic 
centimetres ;  each  cubic  centimetre  containing  therefore  0'005 
gramme  of  iodine.  A  known  quantity  of  the  sulphuretted 
water  to  be  tested  is  diluted  with  distilled  water  that  has  been 
boiled,  and  cooled  out  of  contact  with  air,  some  thin  starch 
paste  is  mixed  with  it,  and  the  ioduretted  iodide  dropped  in 
from  a  burette  until  a  permanent  blue  colour  is  obtained ;  now, 
as  one  equivalent  of  iodine =127,  corresponds  to  one  equivalent 
of  sulphuretted  hydrogen =17,  the  quantity  of  iodine  contained 
in  lOGK)  cubic  centimetres  of  the  standard  solution  of  5  grammes, 
is  equivalent  to  0-6()9  gramme  of  sulphuretted  hydrogen,  hence 
the  calculation  is  easily  made.  This  method  was  first  proposed 
by  Dupasquier.  *  In  the  analysis  of  sulphuretted  mineral  wa- 
ters, FreseniuB  recommends  that  the  iodine  solution  should 
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T>e  diluted  five  times,  that  is,  until  each  cubic  centimetre  con- 
tains 0'(X)1  gramme  of  iodine. 

The  presence  of  hyposulphites  renders  this  process  inexact, 
as  the  iodine  is  changed  into  hydriodic  acid  by  hyposulphurous 
acid  as  well  as  by  sulphuretted  hydrogen.  Lyte  Q  Comptes 
Bendus,'  Oct.  20,  1856)  proposes  to  precipitate  the  sulphur 
as  sulphide  of  silver  by  means  of  the  double  hyposulphite  of 
silver  and  soda  dissolved  in  excess  of  hyposulphite  of  soda. 
This  reagent  is  prepared  by  dissolving  chloride  of  silver  in 
a  solution  of  hyposulphite  of  soda :  it  may  be  kept  for  a  long 
time,  especially  with  the  addition  of  one  or  two  drops  of  am- 
monia. The  sulphuretted  hydrogen  contained  in  a  mineral 
water,  may  be  removed  by  passing  a  current  of  pure  hydrogen 
gas  through  it,  and  receiving  the  removed  gas  in  a  solution  of 
acetate  of  lead ;  sulphide  of  lead  is  precipitated,  which  is  con- 
verted into  sulphate,  from  the  amount  of  which,  that  of  the 
sulphuretted  hydrogen  is  calculated. 

IT.  As  Sulphide  of  Arsenic. — If  the  acid  be  in  solution  in 
water,  as,  for  example,  in  certain  mineral  springs,  the  water 
is  mixed  with  a  clear  solution  of  arsenious  acid  in  hydrochlo* 
ric  acid,  and  the  precipitate  which  forms  allowed  to  subside ; 
it  is  then  collected  on  a  filter,  washed  with  cold  water,  dried 
at  212°,  and  weighed :  for  the  composition  of  sulphide  of 
arsenic,  see  page  407.  If  the  hydrosulphuric  acid  be  evolved 
in  the  gaseous  form,  the  substance  from  which  it  is  expelled 
is  heated  in  a  flask,  and  the  gas  received  into  a  vessel  con- 
taining a  solution  of  arsenious  acid  in  caustic  potassa :  the  last 
traces  of  the  gas  are  removed  from  the  flask  by  pouring  into 
it,  solution  of  bicarbonate  of  potassa.  The  operation  being 
completed,  the  alkaline  ley  is  supersaturated  with  hydrochloric 
acid,  and  the  sulphide  of  arsenic  thereby  precipitated,  collected, 
dried,  and  weighed. 

Separation  of  Sulphur  from  the  Alkalies  and  Alkaline  Earths. 
— If  the  compound  be  soluble  in  water,  its  solution  may  be 
mixed  with  a  solution  of  chloride  of  copper,  upon  which  sul- 
phide of  the  latter  metal  is  precipitatecT.  The  precipitate  is 
collected  on  a  filter  as  quickly  as  possible,  to  prevent  the  oxi- 
dation of  a  portion  of  the  sulphide,  and  then  treated  with  red 
fuming  nitric  acid,  by  which  the  sulphur  is  brought  into  the 
state  of  sulphuric  acid,  and  may  then  be  precipitated  with  the 
proper  precautions,  by  a  soluble  salt  of  baryta.  The  weight  of 
the  sulphate  of  baryta  obtained  furnishes  data  for  calculating 
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the  amount  of  sulpbur  present  in  tbe  Bubstance  analysed.  If 
the  sulphide  to  be  examined  be  not  readily  soluble  m  water, 
it  ma^  De  decomposed  in  a  flask  b;^  dilute  sulphuric  or  hydro- 
chlonc  acid,  the  hydrosulphuric  acid  evolved  oeing  conducted 
through  a  series  of  Wolfe's  bottles,  about  two-thirds  filled  with 
a  neutral  solution  of  chloride  of  copper ;  three  bottles  may  be 
employed,  the  latter  containing,  in  addition  to  the  metallic 
chloride,  a  little  caustic  ammonia,  to  ensure  the  complete  ab- 
sorption of  the  hydrosulphuric  acid  gas.  The  gas  remaining  in 
the  flask  at  the  end  of  the  operation  must  be  driven  forward 
into  the  bottles,  by  a  current  of  carbonic  acid  gas.  Thi»  is  ef- 
fected by  pouring  into  the  flask  through  its  funnel,  a  solution  ot 
carbonate  of  ammonia,  not,  however,  sufficient  to  neutralize  the 
acid,  because  it  may  happen  that  a  portion  of  sulphur  has 
been  deposited  in  the  generating  flask  during  the  decomposi- 
tion, which  it  would  of  course  be  necessary  to  collect  on  a 
tared  filter,  wash,  dry,  and  weigh;  but  if  the  liquor  were 
rendered  alkaline  (supposing  the  sulphide  of  an  alkaline  earth 
to  have  been  under  examination),  an  insoluble  carbonate  would 
be  precipitated,  which  would  render  the  collection  of  the  sul- 
phur dimcult. 

The  following  method  for  the  prompt  estimation  of  the 
soluble  sulphides  contained  in  crude  sodas,  has  been  proposed 
b^  Lestelle  ('Gomptes  Bendus').  It  is  based  on  the  insolu- 
bility of  sulphide  of  silver,  and  the  solubility  of  all  other  argen- 
tiferous salts,  in  the  presence  of  ammonia.  A  standard  solution 
of  ammonio-nitrate  of  silver  is  prepared  by  dissolving  27*69 
grammes  of  silver  in  pure  nitric  acid,  adding  250  cubic  centi- 
metres of  ammonia,  and  then  diluting  with  water  to  the  volume 
1  litre  =1000  cubic  centimetres ;  each  cubic  centimetre  of  this 
solution  corresponds  to  0010  gramme  of  monosulphide  of  so- 
dium. The  substance  to  be  analysed  having  been  dissolved  in 
water,  ammonia  is  added,  and  it  is  then  boiled.  The  ammo- 
niacal  silver  liquid  is  then  added,  drop  by  drop,  by  means  of  a 
burette  divided  into  tenths  of  a  cubic  centimetre.  A  black 
precipitate  of  sulphide  of  silver  takes  place.  When  nearly  all 
the  sulphur  is  precipitated,  the  liquor  is  filtered,  and  a  fresh 
Quantity  of  the  silver  solution  is  poured  in,  until  after  repeated 
nitrations,  a  drop  of  this  liquid  produces  only  a  slight  opacity. 
The  estimation  is  then  at  an  end,  and  it  is  only  necessary  to 
read  the  divisions  indicated  by  the  burette,  and  to  compare 
this  number  with  that  of  the  weight.     To  estimate  very  small 
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quantities  of  sulphide,  the  argentiferous  liquid  must  be  0*005 
more  diluted,  so  that  each  cubic  centimetre  corresponds  to 
gramme  of  sulphide. 

AnaU/sis  of  Campotmds  of  Sulphur  with  Bases, — Sulphur  is 
readily  detected  in  sulphides  and  in  sulphates  by  fusing  the 
sample  with  soda  upon  charcoal  before  the  blowpipe ;  a  hepar 
is  thus  obtained,  which,  on  being  moistened,  is  easily  recognized 
by  means  of  silver;  as,  however,  it  may  still  be  uncertain 
whether  the  sulphur  existed  in  the  compound  in  the  form  of 
a  sulphate  or  of  a  sulphide.  Yon  Kobell  has  suggested  the 
following  simple  methoa  of  solving  the  question : — The  finely 
pulverized  sample  is  boiled  with  caustic  potassa  in  a  porcelain 
crucible,  and  heated  till  the  potassa  begins  to  melt;  or  the 
sample  is  fused  with  hydrate  of  potassa  in  a  platinum  spoon 
before  the  blowpipe.  The  mass  is  then  dissolved  in  a  little 
water,  and  filtered ;  a  bright  strip  of  silver  is  placed  in  the  so- 
lution ;  and,  if  the  sample  contain  a  sulphide,  the  hepatic  re- 
action is  frequently  immediately  perceptible,  but  sometimes 
only  after  a  few  hours.  "With  very  small  quantities,  the  plati- 
num spoon,  with  the  flux,  may  be  placed  in  a  small  glass  with 
some  water,  and  the  silver  introduced.  The  silver  is  easily 
restored  to  brightness  by  rubbing  it  with  leather  and  a  little 
caustic  lime :  sulphates  after  such  treatment  have  no  reaction 
on  the  silver. 

Nitro-prusside  of  Sodium  as  a  Test  for  Sulphur, — Any  sub- 
stance containing  sulphur,  when  heated  with  carbonate  of  soda, 
either  with  or  without  the  addition  of  carbonaceous  matter, 
according  as  a  deoxidizing  action  is,  or  is  not  required,  will 
yield  an  alkaline  sulphide.  On  adding  to  the  fused  mass  a 
drop  of  the  solution  of  nitro-prusside  of  sodium,  a  magnificent 
purple  colour  is  produced.  This  test  is  so  delicate  that,  ac- 
coroing  to  Bailey  (*  Silliman's  Journal,'  May,  1851),  the  pre- 
sence of  sulphur  may  be  detected  in  the  smallest  particles  of 
coagulated  albumen,  horn,  nails,  feathers,  mustard  seed,  etc., 
which  can  be  conveniently  supported  on  a  platinum  wire  for 
blowpipe  experiments.  Dana  ('  Silliman's  Journal,'  Nov. 
1851)  gives  the  following  more  minute  directions  for  the  use 
of  this  elegant  test : — Heat  by  the  blowpipe,  any  sulphide  or 
sulphate  (or  anything  containing  sulphur)  upon  charcoal,  with 
carbonate  of  soda  ;  put  the  fused  mass  into  a  watch-glass  with 
a  drop  of  water,  ana  a  particle  not  larger  than  a  pin's  head,  of 
themtro-prusside  of  soaium ;  there  will  be  a  magnificent  purple 
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at  once.  When  this  test  is  tried  on  parings  of  nails,  hair,  al« 
bumen,  etc.,  Dana  advises  that  the  carbonate  of  soda  be  mixed 
with  a  little  starch,  which  appears  to  prevent  the  loss  of  any 
sulphur  by  oxidation.  If  a  piece  of  hair  four  inches  long 
be  coiled  round  one  point  of  a  platinum  support,  moistened^ 
dipped  into  a  mixture  of  carbonate  of  soda  with  starch,  and 
then  heated  by  the  blowpipe,  the  fused  mass  will  give  with  the 
nitro-prusside  the  unmistakable  reaction  indicative  of  sulphur. 

By  this  test  the  presence  of  sulphur  in  hops^  wines,  silk,  etc., 
is  easily  detected.  The  substance  under  examination,  is  placed 
in  a  flask  with  a  piece  of  sheet  zinc,  diluted  hydrochloric  acid 
is  poured  over  it,  and  the  gas  conducted  into  the  solution  of 
nitro-prusside.  If  the  gas  contain  but  a  minimum  of  sulphu- 
retted hydron;en,  the  first  bubble  causes  a  violet  cloud  in  the 
solution :  after  passing  the  gas  for  a  short  time  it  assrftnes  the 
magnificent  colour  of  the  solution  of  permanganate  of  potassa. 
The  vapour  of  hydrochloric  acid  passing  over  with  the  gas  may 
be  arrested  by  filtering  it  througli  cotton-wool,  though  it  does 
not  afi^ect  the  reaction  unless  it  be  continued  too  long. 

Metallic  sulphides  may  be  analysed  in  the  dry  way,  by  mixing 
them  with  thrice  their  weight  of  pure  dry  carbonate  of  soda, 
and  an  equal  weight  of  nitre,  to  which  must  be  added  a  con- 
siderable quantity  of  pure  dry  chloride  of  sodium.  If  the  sul- 
phide loses  sulphur  by  heat,  the  mixture  is  kept  for  some  time 
m  fusion  in  a  porcelain  crucible ;  by  this  operation,  the  sulphur 
is  separated  from  the  metal  with  which  it  was  originally  com- 
bined, and  is  transferred  in  the  form  of  sulphuric  acid  to  the 
alkali ;  a  soluble  sulphate  is  thus  produced,  which  may  be  pre- 
cipitated by  chloride  of  barium,  and  the  quantity  of  sulpnur 
calculated  from  the  weight  of  sulphate  of  baryta  formed.  This 
process  is  applicable  to  the  determination  of  sulphur  in  coal 
and  coke.  A  quantity  not  exceeding  20  grains  of  the  fuel  is 
intimately  mixed  with  500  grains  of  a  mixture  of  4  parts  of 
pure  chloride  of  sodium,  2  parts  of  pure  nitre,  and  1  part  of  pure 
carbonate  of  soda,  the  mixture  is  gradually  heated  in  a  platinum 
dish  till  the  whole  is  in  tranquil  fusion,  and  the  heat  is  con- 
tinued till  all  blackness  has  disappeared.  When  cold,  the  fused 
mass  is  washed  out  of  the  dish  with  boiling  water  into  a  beaker, 
the  solution  is  supersaturated  with  pure  hydrochloric  acid, 
filtered  (if  necessary),  and  precipitated  at  a  boiling  heat  by 
chloride  of  barium. 

MM.  Cloez  and  Guignet  ('Comptes  Eendus,*  June  7th, 
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1S58),  suggest  the  employment  of  permanganate  of  potassa  as 
an  agent  oi  oxidation  for  the  determination  of  sulphur  in  sul- 
phuretted compounds,  and  particularly  in  gunpowder.  About  one 
gramme  of  the  material  to  be  analysed,  is  put  into  a  small  ma- 
trass with  a  saturated  solution  of  pure  permanganate  of  po- 
tassa; and  the  liquid  is  boiled,  witn  the  addition  of  perman- 
ganate from  time  to  time,  until  the  mixture  has  a  persistent 
violet  tint ;  all  the  sulphur  is  hereby  converted  into  sulphuric 
acid.  The  oxide  of  man^nese  which  the  liquid  holds  in  sus- 
pension is  dissolved  by  hydrochloric  acid,  the  solution  is  concen- 
trated, if  necessary,  by  evaporation,  a  little  nitric  acid  added, 
and  then  precipitated  by  chloride  of  barium. 

Estimation  of  Sulphur  in  Iron  and  Copper  Pyrites. — The  fol- 
lowing alkalimetrical  method  has  been  proposed  by  Pelouze 
(Ann.  de  Chim.  et  de  Phys.,  3rd  series,  vol.  Ixiii.).  It  is  based 
upon  the  property  which  chlorate  of  potassa  possesses  in  the 
presence  oi  an  alkaline  carbonate,  of  transforming  into  sulphuric 
acid,  the  sulphur  contained  in  metallic  sulphides.  The  sulphuric 
acid  formed  neutralizes  a  portion  of  the  alkaline  carbonate,  it 
is  only  necessary  therefore  to  ascertain  how  much  uncombined 
alkali  exists  in  the  mixture  after  fusion,  to  learn  the  quantity 
that  has  been  saturated  by  the  sulphuric  acid  formed  from  th« 
sulphur  of  the  sulphide,  and  this  is  done  by  a  standard  solu- 
tion of  sulphuric  acid.  The  normal  acid  employed  by  Pelouze 
is  of  such  a  strength  that  92'4  cubic  centimetres  are  exactly 
neutralized  by  10  grammes  of  pure  and  dry  carbonate  of  soda ; 
these  numbers  correspond  to  equal  equivalents  of  carbonate  of 
soda,  and  monohydrated  sulphuric  acid.  A  litre  of  normal  acid 
contains  100  grammes  of  monohydrated  acid,  or  32*653  of  sul- 
phur. The  process  is  conducted  as  follows  : — 1  gramme  of  the 
mineral  is  intimately  mixed  in  a  porcelain  mortar  with  5  grammes 
of  pure  and  dry  carbonate  of  soda,  7  grammes  of  chlorate  of 
potassa,  and  7  grammes  of  pure  fiised  or  decrepitated  common 
salt,  the  mixture  is  heated  to  dull  redness  for  eight  or  ten  mi- 
nutes in  a  platinum  crucible.  When  nearly  cold,  the  fused 
mass  is  wasned  into  a  beaker,  boiled  and  filtered,  the  residue 
on  the  filter  being  well  washed  with  boiling  water.  The 
filtrate  and  washings  being  well  mixed,  are  now  neutralized 
with  the  normal  sulphuric  acid.  Example : — Suppose  34  cubic 
centimetres  have  been  required,  subtract  this  from  46*2  (the 
quantity  that  would  have  been  required  to  neutralize  5  grammes 
of  carbonate  of  soda),  and  there  will  remain  12*2  cubic  centi- 
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metres,  which  represent  the  sulphuric  acid  formed  by  the  py- 
rites ;  this  number  multiplied  by  32*653,  and  divided  by  100, 
gives  the  weight  of  the  sulphur  sought,  viz.  '0398,  or  39*8  per 
cent.  The  process  does  not  occupy  more  than  thirty  or  forty 
minutes,  and  the  errors  involyed  in  it,  do  not,  according  to  the 
author,  exceed  1|  per  cent,  of  the  weight  of  the  sulphur  to  be 
determined. 

Determination  of  Sulphur  in  Sulphide  of  Lead, — The  sulphur 
is  converted  into  sulphuric  acid  by  digesting  the  ore  in  fuming 
nitric  acid :  the  sulpliate  of  lead  produced  is  dissolved  in  hot 
caustic  potassa,  the  alkaline  solution  is  filtered  from  the  insolu* 
ble  matters,  and  the  lead  again  precipitated  as  sulphide  by  sul- 
phuretted hydrogen,  it  is  received  on  a  filter,  washed,  dried, 
and  digested  in  a  weighed  platinum  capsule  with  fuming  red 
nitric  acid ;  it  is  thus  again  converted  into  sulphate,  in  the  form 
of  which  salt  it  is  weighed. 

Sulphide  of  silver  and  sulphide  of  bismuth  must  be  decom- 
posed by  pure  nitric  acid ;  the  substances  should  be  reduced  to 
as  fine  a  state  of  division  as  possible,  and  projected  into  a  flask 
capable  of  being  closed  with  a  stopper,  ana  containing  the  very 
strongest  fuming  nitric  acid;  the  bottle  must  be  closed  the 
moment  the  sulphide  is  introduced,  and  occasionally  agitated ; 
when  the  action  slackens  a  gentle  heat  may  be  applied.  In  the 
case  of  sulphide  of  silver^  should  auy  of  the  sulphur  have  escaped 
oxidation,  it  may  be  dissolved  by  adding,  in  small  portions, 
chlorate  of  potassa;  but  in  the  case  of  sulphide  of  bismuth^  the 
unoxidized  sulphur  must  be  collected  on  a  tared  filter,  washed 
with  acetic  acid,  dried,  and  weighed ;  from  the  clear  filtrate,  the 
bismuth  is  precipitated  by  sulphuretted  hydrogen,  and  from 
the  filtrate  from  the  precipitated  sulphide  of  bismuth,  the  sul- 
phuric acid  is  precipitated  by  a  salt  of  baryta,  hydrochloric  acid 
having  been  previously  added. 

Separation  of  Sulphur  from  metals  by  Chlorine  Qas. — This 
method  is  applicable  to  the  analysis  of  compound  sulphides  of 
those  metals,  the  chlorides  of  which  are  not  volatile  at  a  low 
red-heat.  The  substance  ia  introduced  into  a  bulbed  tube  con- 
nected with  an  apparatus  by  means  of  which  a  stream  of  dry 
chlorine  gas  may  be  passed  through  it.  The  disposition  of  the 
apparatus  is  seen  in  Fig.  76 :  a  is  the  flask  containing  the  ma- 
terials for  generating  chlorine  gas,  which  is  dried  by  passing  first 
through  the  Wolfe's  bottle  J,  containing  concentrated  sulphuric 
acid,  and  then  through  the  siphon-shaped  tube  c,  containing 


chloride  of  calcium ;  the  sulphide  to  be  analyaed  is  weighed, 
aud  oarefullr  introduced  into  the  bulbed  tube  d,  bent  at  a  right 
angle,  and  dipping  into  water  coutained  iu  the  bottle  e.    If  the 


Fig.  76. 
process  cannot  be  conducted  under  a  flue,  it  may  be  advisable 
to  close  the  mouth  of  the  bottle  e  with  a  cork,  through  which 
a  tube  is  inserted,  which  may  convey  the  excess  of  chlorine  into 
another  bottle,  containing  milk  of  lime,  or  potassa,  thus  prerent- 
ing  annoyance  to  the  operator  by  the  escape  of  the  irritating 
gns  into  the  apartment.  The  whole  apparatus  is  first  filled 
with  chlorine,  which  is  made  evident  by  the  yellow-green  colour 
of  the  space  above  the  water  in  the  bottle  e ;  a  very  gentle  heat 
it  then  applied  to  the  bulb,  the  sulphide  is  decomposed,  its  me- 
tallic base  or  bases  combining  with  the  chlorine,  while  the  sul- 
phur is  driven  forward  into  the  bottle  e  in  the  form  of  chloride 
qftulphur,  which  is  immediately  decomposed  by  the  water  into 
hyposulphurous  acid,  hydrochloric  acid,  and  sulphur;  the  former, 
by  the  action  of  the  chlorine,  passes  into  sulpnurous  acid,  and 
finally  into  sulphuric  acid,  so  that  the  last  result  of  decomposi- 
tion is  sulphuric  acid,  hydrochloric  acid,  and  a  greater  or  less 
Suantity  of  free  sulphur.  When  the  action  ia  over,  the  bulb  is 
eated  towards  the  bend,  bo  as  to  force  the  whole  of  the  chloride 
of  sulphur  into  the  bottle  e;  the  tube  ia  then  cut  off  under  the 
bend,  and  the  separated  end  thrown  into  the  bottle.  The  ex- 
cess of  chlorine  is  expelled  from  e  by  the  application  of  a  gentle 
beat,  it  is  allowed  to  remain  at  rest  for  some  hours  till  the  sut- 
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phur  has  completely  solidified,  it  is  then  collected  on  a  tared 
alter,  washed,  dried,  and  weighed,  and  the  sulphuric  acid  is 
lastly  precipitated  bj  nitrate  of  baryta  or  chloride  of  barium. 

Eose  applies  the  above  method  to  the  analysis  of  mixed  sul- 
phides of  those  metals  the  chlorides  of  which  are  either  partly 
or  wholly  volatile  at  the  temperature  employed.  For  example, 
in  the  analysis  of  the  mixea  sulphides  of  antimony,  iron,  and 
zinc ;  in  such  a  case,  the  water  in  the  bottle  e  must  be  mixed 
with  tartaric  acid  and  a  small  quantity  of  hydrochloric  acid ; 
and  the  chloride  of  antimony  which  distils  over  into  the  bottle  e 
is  precipitated  by  sulphuretted  hydrogen,  after  the  free  sul- 
phur has  been  removed  by  filtration,  and  the  sulphuric  acid  by 
a  soluble  salt  of  baryta.  If  the  heat  employed  has  not  been 
too  great,  the  whole  of  the  chloride  of  zinc,  and  the  greater 
part  of  the  perchloride  of  iron,  will  be  retained  in  the  bulb ;  a 
certain  portion  of  the  latter,  however,  will  have  been  volatilized, 
and  will  have  found  its  way  into  the  liquid  in  the  bottle  e,  from 
which,  together  with  any  chloride  of  zinc  which  may  also  have 
distilled  over,  it  must  be  precipitated  after  the  removal  of  the 
antimony,  by  sulphide  of  ammonium. 

Determination  of  Sulphur  in  Nitrogenous  organic  com* 
pounds  (Fleitmann). — Sulphur  exists  in  nitrogenous  organic 
substances,  such  as  caseine,  albumen,  and  fibrine,  in  two  dif- 
ferent forms;  one  portion  is  removed  by  heating  the  sub- 
stance in  a  concentrated  solution  of  caustic  potassa ;  the  other 
portion  remains  combined  with  the  organic  substance.  Pleit- 
mann  determines  the  amount  of  this  combined  sulphur,  by 
first  dissolving  the  compound  in  caustic  potassa,  and  then  di- 
gesting the  solution  for  some  hours,  with  frequent  agitation, 
with  a  sufBcient  quantity  of  recently-precipitated  hydrated 
oxide  of  bismuth  ;  when  cold,  the  liquid  is  supersaturated  and 
digested  for  some  time  with  excess  of  acetic  acid ;  it  is  then 
filtered,  and  the  washed  sulphide  of  bismuth  is  oxidized  with 
the  filter  in  a  silver  crucible,  by  fusion  with  potassa  and  nitre, 
and  the  sulphur  thus  converted  into  sulphuric  acid,  is  deter- 
mined in  the  usual  way  as  sulphate  of  baryta. 

Estimation  of  Sulphur  in  volatile  organic  compounds  (Debus, 
Liebig's  *Annalen,'  Oct.  1850). — One  equivalent  of  bichro- 
mate of  potassa  which  has  been  purified  by  recrystallization,  is 
dissolved  with  two  equivalents  of  carbonate  of  potassa,  or  soda, 
in  water,  and  the  liquid  evaporated  to  dryness ;  in  this  way,  a 
lemon-coloured  mass,  consisting  of  one  equivalent  of  neutral 
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chromate  of  potassa  and  half  an  equivalent  of  carbonate  of 
potassa  or  soda,  is  obtained.  It  is  powdered,  and,  in  order  to 
remove  the  last  portions  of  water,  exposed  to  a  good  red-heat 
in  a  Hessian  crucible,  and  then  filled  while  hot,  into  a  glass 
tube  sealed  at  one  end  and  drawn  out  somewhat  at  the  other, 
so  that  when  wanted,  the  chromate  of  potassa  can  be  conve- 
niently poured  into  the  combustion-tube  without  loss.  This 
precaution  is  necessary  with  the  use  of  carbonate  of  potassa, 
as  it  absorbs  water  from  the  air,  and,  on  being  subsequently 
heated  in  the  combustion-tube,  again  parts  with  it,  and  cracks 
the  tube.  After  the  chromate  of  potassa  has  cooled  in  the 
above-mentioned  corked  glass  tube,  a  layer  of  it  of  about  three 
to  four  inches  in  length  is  poured  into  the  combustion-tube, 
such  as  is  used  in  organic  analysis ;  the  substance  is  then  added, 
and  then  again  a  few  inches  of  the  mixture  of  chromate  and 
carbonate  of  potassa.  When  the  substance  to  be  analysed  is  a 
solid,  it  is  intimately  mixed  with  the  chromate  of  potassa  in  the 
combustion-tube,  by  means  of  a  wire,  twisted  at  one  end  like 
a  corkscrew.  When  this  is  done,  the  empty  portion  of  the 
combustion-tube  is  filled  with  a  mixture  of  cnromate  and  car- 
bonate of  potassa,  placed  in  a  furnace,  and  heated  as  for  an 
organic  analysis.  When  the  whole  is  incandescent,  oxygen  is 
disengaged  from  a  small  retort,  and  passed  in  a  slow  current 
over  the  red-hot  mixture  for  about  half  an  hour  or  an  hour. 
When  cold,  the  tube  is  cleansed  of  adherent  ash,  and  cut  into 
several  pieces  over  a  sheet  of  paper;  these  are  placed  in  a  beaker, 
and  so  much  water  poured  over  them  as  may  be  necessary  to 
dissolve  the  calcined  mass.  The  liquid  thus  obtained  is  strongly 
acidified  with  hvdrochloric  acid,  the  chromic  acid  reduced 
with  alcohol,  and  boiled  till  it  becomes  green.  It  is  now  fil- 
tered  from  the  insoluble  oxide  of  chromium,  which  is  washed, 
first  with  water  acidified  with  hydrochloric  acid,  afterwards 
with  alcohol,  and  then  dried.  The  filtered  green  liquid,  which 
contains  nearly  the  whole  amount  of  sulphuric  acid,  is  placed 
aside  for  a  time,  and  the  oxide  of  chromium  (which  always 
most  tenaciously  retains  a  small  quantity,  frequently  one  or 
two  per  cent.,  of  sulphuric  acid,  in  the  form  of  a  basic  salt)  is 
collected  on  a  filter  and  dried.  The  oxide  of  chromium  is  then 
emptied  into  a  platinum  crucible,  and  the  filter  burnt.  It  is 
mixed  with  one  part  of  chlorate  and  two  of  carbonate  of  potassa, 
and  heated  to  redness  until  the  whole  of  the  oxide  of  chromium 
is  converted  into  chromate  of  potassa.    The  fused  mass  is  dis- 
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solved  in  dilute  muriatic  acid,  the  chromic  acid  reduced  hf 
alcohol,  and  the  liquid  added  to  that  previouslj  obtained.  The 
united  solutions  are  now  heated  to  boiling,  the  sulphuric  acid 
precipitated  by  chloride  of  barium,  and  the  amount  of  sulphur 
calculated  from  the  sulphate  of  baryta  formed. 

193.  AoiDS  01*  Phosfhobits. 

Phosphoric  Acid, — In  a  solution  which  contains  nothing 
but  phosphoric  acid,  the  amount  of  that  acid  maj  be  esti- 
mated, by  evaporating  to  dryness,  with  the  addition  of  a  known 
weight  of  recently  ignited  protoxide  of  lead ;  the  residue  after 
being  heated  to  redness  is  weighed ;  the  increase  of  weight  in- 
dicates the  amount  of  phosphoric  acid.  The  presence  of  nitric 
acid  does  not  interfere  with  the  accuracy  of  this  method. 

The  quantitative  determination  of  phosphoric  acid,  when  in 
combination  with  bases,  and  in  the  presence  of  other  acids, 
is  frequently  attended  with  considerable  difficulties,  especially 
when  it  exists  in  small  quantities  only.  The  following  are  the 
principal  methods  at  present  in  use. 

(1.)  Estimation  as  Pyrophosphate  of  Magnesia,  Applicahh 
when  the  phosphoric  acid  is  in  combination  with  an  alkali. 

Chloride  of  ammonium,  ammonia,  and  sulphate  of  magnesia 
are  added  to  the  solution,  which  is  then  well  agitated,  or  stirred 
with  a  feather ;  a  glass  rod  should  not  be  used  for  the  purpose,  as 
the  crystalline  double  salt  which  is  precipitated,  adheres  so  firmly 
to  those  parts  of  the  sides  of  the  beaker  which  have  been  touched 
by  the  glass  rod,  that  it  cannot  afterwards  be  readily  removed. 
The  mixture  is  allowed  to  remain  at  rest  for  several  hours ;  it  is 
then  filtered,  and  the  precipitate  washed  with  water  containing 
a  little  ammonia,  in  which  it  is  almost  insoluble ;  the  washing 
must  not  be  continued  too  long,  but  stopped  immediately  it  is 
found  that  a  few  drops  of  the  filtrate,  when  evaporated  on  pla- 
tinum foil,  leave  no  residue ;  it  is  then  ignited,  first  gently,  and 
afterwards  strongly :  for  the  composition  of  the  ignited  salt, 
see  page  281.  This  method  does  not  apply  to  the  analysis 
of  phosphates  after  they  have  been  ignited,  without  a  previous 
preparation,  as  has  been  shown  by  "Weber  (Chem.  Gaz.,  vol.  v. 
p.  450) ;  the  reason  is,  that  they  are  converted  by  heat  from 
tribasic  into  bibasic  salts,  and  bibasic  or  pyrophosphoric  acid 
forms  with  magnesia  a  salt  which  is  much  more  soluble  in 
water  than  tribasic  or  common  phosphoric  acid.  By  the  ac- 
tion of  acids  it  is  true  that  pyrophosphoric  acid  is  converted 
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into  the  tribasic  acid,  but  Weber  found  that  the  transformation 
was  not  perfect,  even  when  the  compound  was  treated  for  a 
confiiderable  time  with  concentrated  sulphuric  acid.  In  order 
to  ascertain  which  of  these  two  phosphoric  acids  we  have  under 
examination,  the  following  test  may  be  applied.  The  compound 
is  dissolved  in  nitric  acid,  and  precipitated  by  ammonia ;  the 
precipitate,  after  long  standing;,  is  collected  on  a  filter ;  to  the 
nitrate,  nitrate  of  silver  is  added,  and  the  ammoniacal  liquid 
is  then  carefully  neutralized  with  nitric  acid ;  the  appearance 
of  a  white  turbidness,  or  the  formation  of  white  flakes,  indi- 
cates the  presence  of  pyrophosphoric  acid.  If  the  phosphoric 
be  in  combination  with  an  alkaJi,  it  will,  if  the  acid  be  tribasic, 
give  a  yellow  precipitate  with  nitrate  of  silver  (see  p.  146). 
When  the  phosphonc  acid  in  a  phosphate  is  to  be  separated  and 
determinea  by  magnesia,  and  is  not  contained  in  the  solution 
as  the  tribasic  compound,  the  phosphate  must  be  fused  with 
excess  of  carbonate  of  soda.  This  can  be  done  in  all  cases 
when  the  phosphoric  acid  is  combined  with  the  alkalies,  or  those 
metals  which  are  completely  decomposed  by  fusion  with  carbo- 
nate of  soda ;  but  it  aoes  not  succeed  in  converting  the  phos- 
phoric acid  into  the  tribasic  compound,  when  in  combination 
with  the  alkaline  earths,  as  these  are  only  imperfectly  decom- 
posed. The  only  way  to  reprecipitate  the  pyrophosphate  of 
magnesia  from  its  solutions  by  ammonia,  is  to  heat  it  for  some 
time  with  concentrated  sulphuric  acid,  when,  on  solution,  it  can 
be  almost  entirely  precipitated  by  ammonia. 

The  precipitates  which  the  tribasic  and  bibasic  phosphoric 
acids  produce  with  magnesia,  differ  essentially  from  each  other 
in  their  external  properties.  The  first  is  granular,  crystalline, 
and  soon  subsides,  especially  when  warmed ;  the  latter  is  vo- 
luminous ^nd  flocculent,  and  remains  long  suspended  in  the 
liquid.  Small  quantities  of  pyrophosphoric  acid  cannot  be  se- 
parated, or  even  detected,  by  magnesia. 

(2.)  Estimation  hy  Nitrate  of  Silver  (Chancel). — This  method 
is  founded  on  the  insolubility  of  the  yellow  phosphate  of  silver 
(SAgOjPOg)  in  a  neutral  liquid.  The  weighed  substance  is 
dissolved  in  nitric  acid ;  the  solution  is  diluced  with  distilled 
water,  and  to  the  clear  liquid  is  added,  first  a  sufficient  quantity 
of  nitrate  of  silver,  and  then  a  slight  excess  of  carbonate  if 
silver.  The  saturation  of  the  free  nitric  acid  takes  place  ra- 
pidly, without  the  application  of  heat ;  in  a  few  moments  the 
yellow  phosphate  of  suver  is  thrown  down.    When  the  supev- 
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natant  liquid  no  longer  reddens  litmus-paper,  the  precipita'* 
lion  is  complete.  The  precipitate  is  collected  on  a  filter  and 
washed.  When  the  washing  is  finished,  the  filter  is  per- 
forated by  a  platinum  wire*,  and  the  whole  of  the  precipitate 
washed  out  into  a  flask,  and  dissolved  in  nitric  acid.  The 
silver  is  then  precipitated  by  hydrochloric  acid,  and  from  the 
filtrate,  the  phosphoric  add  is  thrown  down  as  ammonio-mag- 
nesian  phosphate,  by  the  addition  of  an  ammoniacal  solution  of 
sulphate  of  magnesia. 

(3.)  EgtUnation  as  Phosphate  of  Sesquioaide  of  Uranmm.'^ 
This  method  is  well  adapted  for  the  separation  of  phosphoric  acid 
from  the  alkaline  cartas,  particularly  magnesia,  a  separation 
usually  attended  with  much  difficulty.  It  does  not  succeed 
so  well  in  the  presence  of  iron  and  alumina^  these  substances 
being  in  part  precipitated  with  the  phosphate.  To  the  solu- 
tion of  the  phosphate  in  hydrochloric  acid,  or  in  water,  nitrate 
of  uranium  is  added ;  it  is  then  supersaturated  wiih  ammonia, 
and  afterwards  acidified  with  acetic  acid:  phosphate  of  iira- 
nium  is  precipitated.  The  precipitation  is  known  to  be  com- 
plete, by  the  supernatant  fluid  having  a  yellow  tint :  if  in- 
complete, a  fresh  quantity  of  nitrate  of  uranium  is  added,  and 
afterwards  ammonia  and  acetic  acid.  The  precipitate  is  al- 
lowed to  deposit  from  the  warm  solution,  and  is  washed 
several  times  by  decantation  with  boilinfi;  water :  the  settling 
of  the  precipitate  is  favoured  by  the  addition  of  chloride  of 
ammonium.  It  is  collected  on  a  filter,  washed  with  hot  water 
containing  chloride  of  ammonium,  and  dried :  the  dry  preci- 
pitate is  removed  as  completelv  as  possible  from  the  filter,  cal- 
cined in  a  platinum  cruciole,  the  filter  being  burnt  separately. 

The  composition  of  phosphate  of  sesquioxide  of  uranium  is — 

Two  equivalents  of  FgOg    .    .     .    288*0    .     .     80-22 
One        ditto      of  POg  .     •     .     .      710     .     .     19-78 

One        ditto      of  2(173 03)P05  .    3590    .     .  10000 

By  the  following  modification,  suggested  by  £.  Arendt  and 
"W.  fcopp  (Chem.  Centralb.  1857),  phosphoric  acid  may  be  es- 
timated by  acetate  of  sesquioxide  oi  uranium,  in  the  presence 
of  iron.  The  substance  is  dissolved  in  the  smallest  possible 
quantity  of  hydrochloric  acid,  and  the  sesquioxide  of  iron  is 
reduced  to  protoxide,  by  means  of  proiochloride  of  uranium. 
This  salt  is  somewhat  troublesome  to  prepare.  The  authors 
direct  to  dissolve  ammonio-carbonate  of  uranium  in  double 
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the  quantity  of  hydrochloric  acid  required  to  effect  solution : 
to  add  a  few  drops  of  solution  of  bichloride  of  platinum,  and 
to  throw  into  the  mixture  some  fine  copper  turnings.  The 
mixture  is  boiled  for  ten  or  fifteen  minutes,  or  until  the  liquid 
assumes  a  distinct  green  colour.  To  remove  the  subchloride 
of  copper,  the  boiling  is  continued  until  water  produces  a  co- 
pious precipitate  in  a  sample  of  it.  When  this  is  attained,  the 
whole  is  dduted  with  water  and  allowed  to  cool,vit  is  then 
filtered,  and  sulphuretted  hydrogen  in  excess  is  transmitted 
through  the  filtrate :  the  precipitated  sulphide  of  copper  is  fil- 
tered off,  a  considerable  quantity  of  chloride  of  ammonium  is 
added,  and  the  solution  is  boiled  until  every  trace  of  sulphn- 
retted  hydrogen  has  disappeared.  The  solution  of  protochloride 
of  uranium  thus  obtained  is  a  powerful  reducing  agent.  The 
protochloride  of  uranium  thus  prepared  is  added  to  the  solu* 
tion  containing  phosphoric  acia  and  peroxide  of  iron,  until 
a  distinct  green  colour  is  produced,  or  until  a  drop  of  sul- 
pho-cyanide  of  potassium  does  not  produce  a  red  colour.  Am- 
monia is  then  added  to  alkaline  reaction,  then  acetate  of  ses^ 
quioxide  of  uranium,  and  free  acetic  acid,  together  with  a  few 
drops  of  acetate  of  protoxide  of  uranium,  (obtained  by  preci< 
pitating  the  protochloride  with  ammonia,  and  redissolving  in 
warm  acetic  acid,)  and  the  mixture  is  heated  to  boiling.  The 
liquor  must  have  a  distinct  greenish  colour,  not  a  dirty  tinge, 
which  shows  the  presence  of  undissolved  protoxide  of  uranium. 
It  is  set  aside  till  the  precipitate  has  settled,  the  supernatant 
liquid  is  then  decanted  on  a  filter,  the  precipitate  is  boiled 
with  water  containing  chloride  of  ammonium,  and  again  de- 
canted ;  this  operation  is  repeated  once  or  twice,  and  finally 
the  precipitate  is  thrown  on  the  filter,  washed,  dried,  and 
ignited  in  the  manner  above  directed. 

(4.)  Volumetric  determination  of  Phosphoric  Acid  hy  Ace- 
fate  of  Uranium  (Pincus,  Journ.  fiir  Prakt.  Chemie,  Ixxvi.) — A 
solution  of  phosphate  of  soda,  the  amount  of  phosphoric  acid  in 
which  is  accurately  known,  must  be  prepared ;  its  strength 
should  be  such  that  each  cubic  centimetre  exactly  represents 
O'Ol  of  phosphoric  acid.  The  acetate  of  uranium  is  prepared 
by  dissolving  pure  ammonio-carbonate  of  uranium  in  acetic 
acid;  it  must  be  perfectly  free  from  protoxide,  to  ensure 
which,  the  solution  must  be  protected  from  the  light.  The 
strength  of  the  solution  is  determined  by  pouring  5  to  10 
cubic  centimetres  of  the  solution  of  phosphate  of  soda  into  a 
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beaker,  adding  ammonia,  and  an  excess  of  acetic  acid,  and  tben 
pouring  the  solution  of  uranium  from  a  burette  with  dirisions 
of  -jiyth  to  -j^j^th  cub.  centim.,  stirring  the  mixture  freauentlj 
during  the  process.  The  peculiar  slimy  precipitate  oi  phos- 
phate of  uranium  and  ammonia  is  produced.  From  time  to 
time  a  drop  of  the  mixture  is  put  upon  a  white  porcelain  plate, 
close  to  a  arop  of  solution  of  ferrocyanide  of  potassium,  and 
the  two  drops  are  allowed  to  flow  together ;  as  long  as  the 
phosphoric  acid  is  not  all  precipitated,  only  a  bluish-green 
colour  is  produced :  but  when  the  smallest  excess  of  oxide  of 
uranium  is  present,  the  spot  which  is  at  first  bluish-green,  be- 
comes distinctly  surrounded  with  a  darker  or  lighter  choco- 
late-coloured border :  if  the  solution  be  very  dilute,  the  reac- 
tion disappears  again  in  a  few  minutes,  after  strong  stirring ; 
a  further  quantity  of  the  solution  of  uranium  must  then  he 
added.  If  the  brownish-red  colour  has  remained  permanent 
for  ten  minutes,  it  does  not  again  disappear,  but  makes  its  ap- 
pearance still  more  distinctly,  without  any  admixture  of  yellow 
and  green,  when,  after  the  settlement  of  the  slimy  precipitate, 
a  drop  of  the  clear  supernatant  fluid  is  employed  for  the  re- 
action. When  it  has  oeen  clearly  ascertained  Dy  repeated  ex- 
periments, how  many  cubic  centimetres  of  the  solution  of  ura- 
nium are  necessary  for  the  precipitation  of  0*05  or  0*10  gramme 
of  phosphoric  acid,  the  solution  may  by  calculation,  and  by 
adding  water,  be  brought  nearly  to  such  a  state  of  dilution 
that  each  cubic  centimetre  thereof  may  precipitate  the  phos- 
phoric acid  contained  in  one  cubic  centimetre  of  that  solution, 
namely,  010  gramme.  By  repeated  experiments,  and  by  the  ad- 
dition of  small  quantities  of  water,  or  of  a  concentrated  solu- 
tion of  oxide  of  uranium,  it  may  be  easily  managed  that  the 
two  solutions  may  be  equivalent  within  the  limits  of  ^^th  to 
a^th  cubic  centimetre,  for  quantities  of  10  to  20  cubic  cen- 
timetres ;  so  that  the  highest  possible  error  may  lie  within  the 
limits  of  0*0005  and  O'OOl  gramme  of  phosphoric  acid. 

To  apply  this  method,  the  solution  containing  the  phos- 
phoric acid  to  be  determined  is  mixed,  whether  neutral  or 
acid,  with  amuionia,  acetate  of  soda,  and  then  with  acetic  acid 
in  excess.  Every  y^th  cubic  centimetre  of  solution  of  oxide  of 
uranium  employed  until  the  production  of  the  reaction,  repre- 
sents 0*001  gramme  of  phosphoric  acid  ;  the  deposition  of  the 
precipitate  is  facilitated  by  heating  the  solution.  The  solu- 
tion must  not  contain  either  protoxide  of  iron  or  alumina^ 
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(5.)  JEsiimatian  as  Phosphate  of  Bismuth  (Chancel,  ^  Comptes 
Eendus,'  t.  i.) — One  part  of  pure  crystalline  subnitrate  of 
bismuth  (Bi03,N0K  +  aq.)  is  dissolved  in  4  parts  of  nitric 
acid,  sp.  gr.  1*36,  adding  to  the  solution  SO  parts  of  distilled 
water,  and  then  boiling  and  filtering,  if  necessary.  Each  cubic 
centimetre  of  such  solution  will  precipitate  from  7  to  8  mil- 
ligrammes of  phosphoric  acid.  Toe  substance  to  be  analysed 
is  dissolved  in  nitric  acid,  avoiding  too  great  an  excess ;  it  is 
then  diluted  with  distilled  water,  and  the  acid  nitrate  of  bis- 
muth added,  until  nothing  more  is  precipitated.  It  is  then 
boiled,  filtered,  and  washed  with  boiling  water,  until  the  wash- 
ings are  no  longer  coloured  by  sulphuretted  hydrogen.  The 
precipitate  is  now  carefully  dried,  and  removed  from  the  filter 
as  completely  as  possible ;  the  filter  is  incinerated  by  itself, 
and  the  residue  added  to  the  dried  precipitate,  which  is  then 
calcined. 

The  composition  of  phosphate  of  bismuth  is : — 

One  equivalent  of  BiOj     .     2340     .     .     76*72 
One      ditto      of  PO5      .      71-0     .     .    2328 

305-0  10000 

Conseouently  the  weight  of  the  precipitate  multiplied  by 
0*2328  wiU  give  the  weight  of  the  phosphoric  acid  in  the  sub- 
stance analysed.  If  either  chlorine  or  sulphuric  acid  be  present, 
they  must  be  removed  before  the  nitrate  of  bismuth  is  added. 

(6.)  Estimation  of  Phosphoric  Acid  ^founded  on  the  insolubility 
of  Phosphate  of  Tin  in  Citric  Acid  in  the  presence  of  Stannic  Acid, 
and  on  the  solubility  of  that  compound  in  Sulphide  of  Ammonium. 
(Oirard,  '  Bulletin  de  la  Society  Cbimique  de  Paris.) 

The  substance  is  dissolved  in  nitric  acid ;  when  there  are  any 
difficulties  in  getting  it  into  solution  with  this  acid,  it  may  be 
dissolved,  first  in  any  convenient  reagent,  and  precipitated 
by  ammonia ;  the  well- washed  precipitate  then  dissolves  readily 
in  nitric  acid.  Into  the  solution  is  thrown  an  indefinite  quan- 
tity of  pure  tin,  about  four  or  five  times  the  supposed  weight 
of  the  phosphoric  acid  present,  may  be  employed.  The  tin 
passes  into  the  st4ite  of  stannic  acid,  carrying  down  with  it  the 
whole  of  the  phosphoric  acid,  as  well  as  a  great  portion  of  the 
iron,  and  a  little  alumina ;  it  is  washed,  first  by  decantation, 
and  then  on  a  filter ;  the  filtrate  and  wasliings  contain  all  the 
bases  minus  a  portion  of  iron  and  alumina. 

The  precipitate  containing  the  phosphoric  acid,  is  redissolved 
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in  a  small  quantity  of  aqua-regia,  the  solution  supersaturated 
with  ammonia,  and  then  with  excess  of  sulphide  of  ammonium. 

The  stannic  acid  and  phosphate  of  tin  immediately  dissolve, 
leaving  a  hlack  precipitate  of  sulphide  of  iron,  containing 
alumina.  It  is  allowed  to  stand  for  an  hour  or  two,  and  then 
filtered,  taking  care  to  wash  the  precipitate  with  sulphide  of 
ammonium,  to  remove  the  last  traces  of  tin.  It  is  then  only 
necessary  to  add  sulphate  of  magnesia  to  the  filtered  liquid,  to 
obtain  the  characteristic  precipitate  of  ammonio-phosphate  of 
magnesia. 

(7.)  Volumetric  estimation  of  Phosphoric  Acid  hy  Perchloride 
of  Iron  (Liebig's  method  modified  by  E.  W.  Davy.  L.  and  B. 
Phil.  Mag.  and  *  Chemical  News,'  vol.  i.  p.  181). — A  standard 
solution  of  perchloride  of  iron  is  made  by  dissolving  clean 
pianoforte  wire  in  pure  hydrochloric  acid,  and  adding  suffi- 
cient nitric  acid  to  convert  the  protochloride  into  perchloride. 
Any  free  hydrochloric  acid  is  then  carefully  neutralized  with 
caustic  ammonia,  which  is  added  until  a  little  peroxide  re- 
mains undissolved  on  shaking  tlie  mixture.  Acetic  acid  is  now 
added  to  dissolve  the  precipitated  oxide,  and  when  the  solu- 
tion is  effected,  it  is  largely  diluted  with  distilled  water,  and 
graduated  in  the  ordinary  way,  so  that  the  amount  of  iron  in 
a  given  quantity  may  be  known.  This  solution  may  be  kept  s 
considerable  time  without  undergoing  any  change.  The  phos- 
phate to  be  analysed  is  dissolved  in  an  acid,  ammonia  is  added 
until  the  solution  is  decidedly  alkaline,  but  not  in  large  excess, 
and  then  a  sufficient  quantity  of  acetic  acid  to  dissolve  com- 
pletely the  precipitated  phosphate,  and  leave  a  slight  excess. 
The  standard  solution  of  iron  is  then  added  carefully  from  the 
burette,  till  the  iron  begins  to  be  in  slight  excess,  which  is  as- 
certained by  taking  a  drop  of  the  mixture  (after  it  has  remained 
a  few  minutes  with  occasional  stirring)  on  a  glass  rod  and 
touching  with  it  a  piece  of  thick  filtering-paper  placed  over 
another  piece  which  has  been  soaked  in  a  solution  of  gallic  acid 
and  dried.  The  insoluble  phosphate  of  iron  is  retained  on  the 
filtering-paper,  and  the  solution  which  passes  down  to  the  lower 
paper,  shows  at  once  by  the  purple  stain  when  sufficient  iron  has 
been  added,  and  a  minute  excess  exists  in  the  mixture.  If  this 
excess  be  very  minute,  the  stain  will  become  more  visible  when 
the  gallic  paper  is  dried.*    The  results  should  be  controlled  by 

*  Instead  of  employing  gallic  acid  to  indicate  the  precise  moment  when 
the  iron  solution  is  m  excess,  a  few  -drops  of  solution  of  tulphocifanide  ofpo^ 
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repeating  this  experiment  a  second  and  a  third  time,  the  phos- 
phate being  dissolved  in  a  given  quantity  of  solution,  and  a 
certain  amount  of  it  being  taken  for  each  determination. 

The  compound  of  iron  and  phosphoric  acid  has  the  invariable 
composition  (FegOjjPOg).  In  all  cases,  bibasic  salts  must  be 
converted  into  tribasic,  07  heating  with  hydrochloric  acid,  and 
the  solution  must  be  fdlowed  to  cool  before  the  estimation  is 
made. 

This  method  may  be  usefully  applied  to  the  determination 
of  phosphoric  acid  in  urine,  in  superphosphate  of  lime,  and  in 
manures  generally. 

(8.)  EHimation  of  Phosphoric  Acid  in  Soils  (Schulze,  *  Annalen 
der  Chemie  und  Pharmacie,*  vol.  cix.). — About  50  grammes  of 
the  earth  are  ignited  to  destroy  the  organic  matters,  and  then 
digested  for  a  long  time  with  hydrochloric  acid.  The  filtered 
liquid  is  nearly  neutralized  with  dilute  ammonia,  care  being 
taken  to  avoid  a  permanent  precipitation.  To  the  solution, 
which  should  amount  to  about  a  pint  and  a  half,  35  or  45  drops 
of  terchloride  of  antimony  are  added,  and  it  is  set  aside  for  24 
hours.  During  this  time,  there  is  deposited  a  yellowish- white 
flocculent  precipitate  which  contains  all  the  phosphoric  acid, 
but  is  principally  composed  of  antimonic  acid  carrying  with  it 
some  oxide  of  iron  and  alumina ;  it  contains,  besides,  a  quantity 
of  ammonia  in  proportion  to  that  of  the  phosphoric  acid. 

The  precipitate,  well  washed  with  distillea  water,  is  boiled 
with  soda  ley  containing  a  certain  amount  of  silicate.  After 
boiling,  the  liquor  is  filtered ;  the  oxide  of  antimony  changed 
into  antimoniate  of  soda  remains  on  the  filter  with  the  alumina 
and  oxide  of  iron.  The  filtered  alkaline  solution  which  contains 
the  phosphoric  acid  with  a  little  alumina  and  silica,  is  super- 
saturated with  hydrochloric  acid  and  ammonia,  concentrated  by 
evaporation,  again  treated  by  ammonia,  and  filtered.  The  pre- 
cipitate of  alumina  and  silica  thus  obtained,  carries  with  it  a 
small  quantity  of  phosphoric  acid,  to  remove  which,  it  is  re- 
dissolved  in  a  drop  or  two  of  hydrochloric  acid,  the  solution 
evaporated  to  dryness,  and  the  residue  warmed  with  a  little 
acidulated  water.  After  having  filtered  again  to  separate  the 
silica,  a  small  quantity  of  tartaric  acid  is  added  to  the  filtered 

tauium  may  be  added  to  the  solution  of  the  phoephate  before  commenomg 
the  experiment.  The  solution  will  remain  oolourless  untU  the  whole  of  the 
phosphate  is  precipitated.  But  the  blood-red  colour  characteristic  of  sul- 
phocjanide  of  iron  will  make  its  appearance  on  the  addition  of  a  drop  of 
the  iron  solution  in  excess. 
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liquor,  which  is  then  mixed  with  the  preceding  ammoniacal  wAu-^ 
tion,  containing  the  greater  part  of  the  phosphoric  acid.  From 
these  solutions  the  phosphoric  acid  is  separated  as  ammonio- 
magnesian  phosphate  in  the  usual  manner. 

(9.)  JEstimation  qfPhoiphoric  Acid  hy  MoU/bdate  of  Ammonia^ 
— According  to  Lipowitz  (Pogg.  Annal.  der  Phjsik  und  Chem. 
vol.  clix.),  to  obtain  accurate  results  bj  this  method,  the  moljb* 
date  should  be  prepared  bj  dissolving  at  a  gentle  heat,  2  parts 
of  pure  moljbdic  acid  and  1  part  of  tartaric  acid  in  15  parts  of 
water,  and  afterwards  adding  10  parts  of  ammonia,  sp.  gr.  0*97, 
and  15  parts  of  nitric  acid.  The  whole  is  heated  to  ebullitioD 
in  a  porcelain  basin,  whereupon  about  -v^th  of  the  moljbdic 
acid  is  deposited,  which  is  separated  by  filtration. 

In  emplojing  the  abore  solution,  the  quantity  of  it  thought 
necessary  is  placed  in  a  capsule  and  heated  to  boiling,  and  then 
the  liquid  containing  the  phosphoric  acid  is  added.  The  preci- 
pitate is  washed  with  water  acidulated  with  -^th  of  nitric  acid, 
and  the  filter  is  dried  at  ^  or  OO""  F.  between  folds  of  blotting, 
paper,  or  better  still,  oyer  sulphuric  acid.  The  composition  of 
phospho-molybdate  of  ammonia  is — 

MolybdicAcid 90-744 

Phosphoric  Acid 8*142 

Ammonia 3*570 

Vater 2544 

100000 

(10.)  Separation  ofFhMphorie  Add  from  Bases  by  means  ofNi^ 
trie  Aeid  and  metallie  Mercwy^H,  Bose). — The  phosphatie  cokh 
pound  is  dissolved  in  a  sufficient  quantity  of  nitric  acid,  the  so* 
lution  is  couTeyed  to  a  porcelain  dish,  and  so  much  metallic 
mercury  added  that  a  small  portion  is  left  undissolved  by  the 
free  acid.  It  is  then  eyaporated  to  dryness  on  the  water-bath 
the  dry  mass  again  moistened  with  water,  and  again  eyaporated, 
this  operation  being  repeated  until  the  dry  mass  no  longer 
smells  of  nitric  acid  white  warm.  It  is  next  mixed  well  with 
water,  filtered  through  a  small  filter,  and  washed  till  a  few  drops 
of  the  wash- water  leaye  a  residue,  which  disappears  entirely  on 
Ignition.  The  filtrate  contains  all  the  bases  combioed  with 
nitric  acid  together  with  nitrate  of  mercury,  which  is  sepa- 
rated by  hydrochloric  acid  ;  the  solution  is  asain  filtered,  and 
quickly  washed,  some  chloride  of  ammonium  having  been  nre- 
yiously  added.    If  no  iron  or  alumina  are  present,  the  alkalies, 
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lime,  magnesia,  and  other  metallic  oxides  existing  as  nitrates 
in  the  filtered  liquid,  are  separated  from  each  other  in  the  usual 
maimer;  or  the  nitrate  of  mercury  may  be  removed  from 
the  solution  of  the  nitrates^  by  evaporating  the  solution  in  a 
porcelain  dish,  and  exposing  the  residue  to  a  red-heat  in  a  pla- 
tinum crucible.  It  should  however  be  observed,  that  when 
alkaline  nitrates  are  present,  the  dry  residue  on  ignition  must 
be  mixed  with  a  small  quantity  of  dry  carbonate  of  ammonia,  in 
order  to  convert  into  carbonates,  the  free  alkalies  produced  by 
the  decomposition  of  the  nitrates.  If  this  precaution  be  neg- 
lected, the  platinum  crucible  is  very  much  acted  upon.  The 
calcined  residue  is  dissolved  in  dilute  hydrochloric  acid,  and  the 
bases  separated  in  the  usual  manner. 

The  phosphoric  acid  remains  on  the  filter  in  combination  with 
the  mercury.  There  are  likewise  present  nitrate  and  me- 
tallic mercury.  The  whole  is  well  dried,  removed  from  the  fil- 
ter, and  mixed  in  a  platinum  crucible  with  an  excess  of  carbo- 
nate of  soda,  the  filter  is  rolled  up  and  thrust  into  the  mixture, 
which  is  then  covered  with  a  layer  of  carbonate  of  soda,  and 
exposed  for  half  an  hour  under  a  chimney  to  a  moderate  but 
not  red  heat,  that  the  contents  may  not  fuse.  At  this  temperature 
the  whole  of  the  metallic  mercury  and  the  mercurial  salts, 
with  the  exception  of  the  phosphate,  are  expelled.  The  mass 
is  now  fused,  and  the  fused  mass  treated  with  hot  water,  in 
which  it  dissolves  entirely,  if  the  operation  has  been  conducted 
with  care,  and  no  iron  were  present.  It  is  supersaturated  with  hy- 
drochloric acid,  and  the  phosphoric  acid  estimated  as  ammonio- 
magnesian  phosphate.  When  peroxide  of  iron  is  present,  the 
greater  portion  is  left  on  treating  the  dry  residue  with  water, 
with  the  phosphate  of  mercury,  and  only  a  small  portion 
dissolves  with  the  nitrates ;  it  is  filtered  and  washed  in  the 
usual  way,  the  peroxide  of  iron  in  the  solution  determined  with 
the  other  bases,  and  the  insoluble  portion  fused  with  carbonate 
of  soda.  On  treating  the  fused  mass  with  water,  the  peroxide 
of  iron  is  obtained  perfectly  free  from  phosphoric  acid,  whilst 
the  entire  amount  of  phosphoric  acid  in  combination  with  soda 
is  dissolved.  When  alumina  is  present  this  method  becomes 
inapplicable. 

Separatum  of  JPhosphoric  Acidjrom  JPhosphorous  and  Hypo^ 
phosphorous  Acids  (Sose). — ^The  solution  is  poured  gradually 
and  in  small  quantities  into  a  solution  of  chloride  of  mercury 
which  must  be  fully  saturated ;  a  precipitate  of  subchloride  of 
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mercTiry,  exhibiting  the  splendour  of  mother-of-pearl,  is  deter- 
mined, but  its  complete  separation  requires  ^ntle  digestion 
for  several  days :  the  subchioride  of  mercury  is  collected  on  a 
filter,  dried  by  exposure  to  a  gentle  heat,  and  weighed. 

From  its  weight  it  is  easy  to  calculate  how  much  oxygen  has 
been  taken  up  by  the  phosphorous  or  hypophosphorous  acid 
to  effect  its  conversion  into  phosphoric  acid  :  hence  the  quan- 
tity of  either  of  these  acids  is  readily  inferred.  This  quantity 
of  oxygen  is  equivalent  to  the  quantity  of  chlorine  contained 
in  the  subchioride  of  mercury,  since  the  chloride  of  that 
metal,  on  being  converted  into  subchioride,  loses  exactly  one- 
half  of  its  chlorine.  Another  quantity  of  the  solution  to  be 
analysed  is  treated  with  nitric  acid,  and  a  weighed  quantity 
of  oxide  of  lead,  in  the  manner  already  described,  the  object 
being  to  determine  the  whole  quantity  of  phosphoric  acid, 
both  that  originally  contained  in  the  solution,  and  that  formed 
from  the  phosphorous  or  hypophosphorous  acid,  at  the  expense 
of  the  oxygen  of  the  nitric  acid.  Now,  it  is  learnt  by  the  first 
operation  how  much  phosphoric  acid  is  produced  by  the  phos- 
phorous or  hypophosphorous  acid  of  the  solution,  and,  by  de- 
ducting this  from  the  whole  quantity  obtained  by  the  second 
operation,  the  actual  proportion  of  phosphoric  acid  in  the  so- 
lution analysed  is  known.   • 

According  to  Wohler,  phosphorous  acid  is  converted  into 
phosphoric  acid  by  being  heated  with  sulphurous  acid,  sulphu- 
retted hydrogen  being  formed  and  sulphur  separated.  In  this 
manner  he  states  that  phosphorous  acid  may  easily  be  detected 
in  phosphoric  acid :  when  arsenious  acid  is  present  at  the  same 
time,  the  sulphide  of  arsenic  is  immediately  formed  on  treat- 
ment with  sulphurous  acid.  Phosphorous  acid  in  phosphoric 
acid  may  also  be  detected  by  Marsh's  apparatus,  by  the  phos- 
phuretted  hydrogen  gas  which  is  disengaged.  The  gas  bums 
with  a  whitish  flame,  and  when  held  close  to  a  surface  of  porce- 
lain, a  green  ring  of  light  is  observed  ia  the  expanded  flame 
similar  to  that  aflbrded  by  phosphorus  when  burnt  in  chlorine 
gas,  or  with  an  insufficient  access  of  atmospheric  air. 

Analysis  of  Bone  Earth, — Dissolve  in  hydrochloric  acid, 
filter  (if  necessary),  add  oxalate  of  ammonia,  and  boil;  then 
add  excess  of  acetate  of  ammonia,  and  filter  to  separate  the 
oxalate  of  lime ;  add  tartaric  acid  to  the  filtrate,  then  ammoni- 
acal  sulphate  of  magnesia,  and  determine  the  phosphoric  acid 
as  pyrophosphate  of  magnesia. 
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194.  BoBOK.' 

Quantitative  determination  of  Boracie  Add  (Stromeyer, 
Liebig  Annalen,  C.  p.  80). — The  boracie  acid,  if  free,  is  com- 
bined with  a  sufficient  quantity  of  potassa,  pure  hydrofluoric 
acid  is  then  added  in  excess,  and  the  whole  is  eyaporated  to 
dryness.  Gelatinous  horofluoride  of  potassium  is  produced, 
which  subsequently  forms  hard,  transparent  crystals.  The 
dry  saline  mass  is  then  stirred  up  at  the  ordinary  temperature 
with  a  solution  of  acetate  of  potassa  of  20  per  cent.,  and  lefb 
to  stand  for  some  hours,  when  the  fluid  is  passed  through  a 
weighed  filter,  and  washed  with  the  solution  as  long  as  the 
filtrate  gives  a  precipitate  with  chloride  of  calcium.  The 
acetate  of  potassa  is  tnen  washed  away  with  alcohol  of  specific 
gravity  0*851,  and  the  salt  is  dried  at  212^  F.  The  presence 
of  salts  of  the  alkalies  does  not  interfere  with  the  metbod,  but 
other  bases  must  be  separated,  which  is  easily  done  in  all 
cases  by  fusing  the  borates  with  carbonate  of  potassa.  The 
horofluoride  of  potassium  should  be  filtered  through  funnels 
made  of  gutta-percha  or  india-rubber,  because  the  fluoride  of 
calcium  running  away,  attacks  glass.  The  evaporation  of  the 
borate  of  potassa  with  hydrofluoric  acid  is  ef&cted  in  vessels 
of  silver  or  platinum. 

The  composition  of  horofluoride  of  potassium  is — 

One  equivalent  of  K  .  .  .  .  390  .  .  3095 
One  ditto  of  B  .  .  .  .  110  .  .  873 
Four      ditto      of  F     .     .     .     .     76;0    .     .    60'32 

One      ditto      of  (KF,Br8)     .    1260    .    .  100-00 

Boracie  acid  may  also  be  determined  by  adding  to  the  solu- 
tion a  known  quantity  of  pure  oxide  of  lead,  evaporating  to 
drjrness,  igniting  and  weighing  the  residue:  th^  amount  of 
boracie  acid  is  csdculated  from  the  increase  of  weight.  Boracie 
acid,  even  when  existing  alone  in  a  solution,  cannot  be  esti- 
mated by  evaporating  to  dryness,  because  although  it  is  one  of 
the  most  fixed  of  all  substances  at  an  intense  heat,  it  pos- 
sesses the  property  of  volatilizing  with  the  vapour  of  water  or 
alcohol. 

Separation  of  Boracie  Acid  from  ihose  fixed  Bases  with  which 
it  forms  compounds  decomposable  hy  Sulphuric  Acid. —  The 
following-  method  was  proposed  by  Arfwedson : — A  known 
weight  of  the  compound  is  reduced  to  a  fine  powder,  and 
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mixed  in  a  platinum  crucible  with  four  parts  of  pure  pulverized 
fluor  spar,  it  is  then  moistened  with  sulphuric  acid,  and  heated, 
first  gentlj,  and  then  gradually  to  redness,  at  which  tempe- 
rature it  is  maintained  as  long  as  fumes  continue  to  be  evolred. 
The  whole  of  the  boracic  acid  is  thus  driven  off  in  the  form  of 
fluoride  of  boron  (B08+3F1H=BFL+3H0).  The  bases, 
together  with  gypsum,  remain  behind,  in  combination  with 
sulphuric  acid ;  they  are  separated  from  each  other  according 
to  the  directions  which  have  been  given  in  the  preceding  pages, 
and  the  amount  of  boracic  acid  is  calculated  from  the  loss  sus- 
tained by  the  original  substance,  after  deducting  from  it  the 
quantities  of  the  different  bases  found ;  these  determinations 
must  therefore  be  made  with  great  care,  since  the  whole  loss 
falls  on  the  boracic  acid. 

When  the  bases  with  which  boracic  acid  is  combined  are 
precipitable  by  sulphuretted  hydrogen,  or  bj  sulphide  of  am- 
monium, these  reagents  are  employed  to  separate  them ;  their 
quantities  must  be  accurately  determined,  and  deducted  from 
the  weight  of  the  compound  submitted  to  analysis;  the  dif- 
ference of  weight  is  the  quantity  of  boracic  acid. 

From  the  alkaline  earths  boracic  acid  is  separated  in  the 
same  manner  as  phosphoric  acid,  the  amount  of  acid  being 
calculated  from  the  loss. 

Determinatum  of  Boracic  Acid  in  Silicates  undecomposablc  hf 
Acids  (Axinite,  Tourmalines), — The  following  process  adopted 
by  Gmelin,  and  given  by  Rose,  is  probably  the  best.  The 
mineral  is  finely  levigated,  and  heated  strongly  with  carbonate 
of  barvta.  The  ignited  mass  is  treated  with  a  sufficient  quan- 
tity of  hydrochloric  acid  to  decompose  it,  and  evaporated  to 
dryness  on  the  water-bath.  The  silica  is  separatea  from  the 
residual  mass  in  the  usual  manner,  and  the  baryta  precipitated 
from  the  filtered  solution  by  carbonate  of  ammonia.  The 
clear  liquid  is  again  evaporated  to  dryness  and  gently  ignited  ; 
it  is  then  weighed,  and  treated  with  alcohol  and  hydrochloric 
acid.  The  alcohol  is  inflamed,  and  in  this  way  the  boracic 
acid  is  got  rid  of;  the  residue  is  once  more  ignited  i^nd 
weighed,  and  the  quantity  of  boracic  acid  is  indicated  by  the 
loss  of  weight.  Another  method,  recommended  by  the  same 
chemist,  is  to  ignite  the  pulverized  mineral  with  carbonate  of 
soda,  and  to  treat  the  ignited  mass  with  water.  The  solu- 
tion having  been  digested  with  carbonate  of  ammonia,  to 
remove  the  small  portions  of  silica  and  alumina  which  the 
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water  liad  disaolTed,  is  evaporated  to  dryness ;  the  dry  mass 
treated  with  sulphuric  acid,  and  then  the  boracic  acid  dissolved 
out  by  alcohol.  The  solution  is  finally  saturated  with  am* 
monia,  and  the  residue,  which  consists  of  boracic  acid,  is  ignited 
and  weighed. 

Separation  of  Boracic  Acid  from  Phosphoric  Acid, — The 
phosphoric  acid  may  be  precipitated  bv  sulphate  of  magnesia, 
and  determined  as  pyrophosphate,  or  by  Von  Kobel's  method, 
by  the  addition,  first,  of  perchloride  of  iron,  and  then  of  car« 
bonate  of  lime ;  not  a  particle  of  boracic  acid  is  precipitated, 
but  the  separation  of  the  phosphoric  acid  is  complete. 

195.    SiLIOOK. 

Silicic  Acid, — This  acid  is  always  converted  from  its  soluble 
to  its  insoluble  condition,  for  the  purpose  of  weighing.  The 
conversion  is  effected  by  evaporating  the  solution  to  dryness 
with  hydrochloric  acid,  or  any  other  volatile  acid.  The  silicic 
acid  is  generally  first  obtained  in  a  gelatinous  stnte ;  but,  by 
continuing  the  heat,  it  loses  the  whole  of  its  water,  and  is 
brought  to  the  condition  of  a  dry  powder.  The  evaporating 
mass  must  be  constantly  stirred  with  a  glass  rod  during  its 
exsiccation,  to  prevent  spirting.  The  bases  with  which  the 
silicic  acid  was  combined,  are  separated  by  dilute  acid,  and  the 
silicic  acid,  having  been  thoroughly  washed  and  dried,  is  ignited 
in  a  platinum  crucible,  and  weighed,  when  cold,  with  the  cover 
on,  the  dry  powder  absorbing  moisture  rapidly  from  the  air. 
The  composition  of  silicic  acid  is — 

One  equivalent  of  Si    .     .     .    140  .     .    4667 
Two      ditto      of  O     .     .     .    16;0  .     .    5333 

One     ditto       of  SiO^    .    .    300  .     .  10000 

Separation  of  Silicic  Add  from  Bases : — 

Quantitative  Analysis  of  Natural  Silicates,  —  The  great 
natural  family  of  silicates  may  be  arranged  in  three  classes : 
— 1st,  those  easily  decomposable  by  hyarochloric  acid ;  2nd, 
those  only  decomposable  by  prolonged  digestion  with  con- 
centrated acid;  and  3rd,  those  which  absolutely  resist  the 
action  of  acids,  even  after  prolonged  digestion. 

The  following  list  of  the  names  and  composition  of  a  series 
of  interesting  minerals  belonging  to  each  of  these  classes  is 
taken  from  Rose's  'Treatise  on  Analysis'  (English  edition, 
translated  by  A.  Normandy)  : — 
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Silieates  decomposable  hy  Sydroehlorie  Acid  in  the  Cold, 

Combination  of — 
.     •  Potassa,  silica,  lime,  and  water. 
.     .  Silica,  soda,  and  water. 
.     .  Silica,  alumina,  lime,  soda,  and  water. 
.     .  Ditto  ditto  ditto. 

.     .  Ditto  ditto  ditto. 

.     .  Silica,  alumina,  soda,  and  water. 
.     .  Silica,  alumina,  lime,  and  water. 
Potassa  harmotone  Silica,   alumina,  baryta,  potassa,  and 

water ;  sometimes  lime. 
,     .  Potassa,  silica,  and  alumina. 
,    .  Silica,  alumina,  lime,  potassa,  soda,  and 

water. 
,     .  Silica,  alumina,  strontia,  baryta,  lime, 

and  water. 
.     .  Soda,  silica,  and  alumina,  with  a  small 

quantity  of  hydrochloric  acid. 
.     .  Silica,  oxide  of  iron,  and  water. 
.     .  Silica,  protoxide  of  iron,  and  lime. 
.     .  Silica,  alumina,  lime,  and  oxide  of  iron. 
.     .  Silica,  alumina,  lime,  and  soda. 
.     .  Silica  and  lime. 
.     .  Soda,  silica,  and  alumina. 
.     .  Soda,  silica,  and  lime. 
.     .  Silica,  magnesia,  lime,  and  oxide   of 

iron. 
.     .  Silica,  alumina,  lime,  and  water,  with  a 

little  potassa. 
.     .  Silica,  lime,  soda,  potassa,  oxide  of  iron, 

and  water. 
.     .  Silica,  lime,  soda,  potassa,  oxide  of  iron, 

oxide  of  manganese,  and  water. 
.     .  Silica,  alumina,  lime,  iron,  and  water. 
.     .  Yttria,  silica,  glucina,  oxides  of  cerium, 

and  iron. 
.     .  Alumina,  silica,  and  water. 
.     .  Silica,  glucina,  alumina,  protoxide  of 

iron  and  of  manganese. 
.     .  Silica,  boracic  acid,  lime,  and  water. 
.     .  Differs  from  the  preceding  in  contain- 
ing one  atom  more  water. 


1.  Apophyllite 

2.  Natrolite 

3.  Scolezite 

4.  Mesolite 

5.  McBole   . 

6.  Analcime 

7.  Laumonite 
8. 

9.  Leucite  •     . 

10.  Eleolite  .    . 

11.  Brewsterite 

12.  Sodalite 

13.  Cronstedtite 

14.  llvaite     . 

15.  G-ehlenite 

16.  Wemerite 

17.  Tabular  spar 

18.  Nepheline 

19.  Cancrinite 

20.  Mellinite 


21.  Chabasite 

22.  Pectolite 

23.  Okenite 

24.  Davyne  . 

25.  Sodolenite 

26.  Allophane 

27.  Helvine  . 

28.  Datholite 

29.  Botryolite 
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Combination  of — 

80.  Haiiyiid  ....  Potassa  or  soda»  silica,  alumina,  lime, 

and  sulphuric  acid. 

dl.  Nosian    ....  Sesquisilicate    of    alumina    and    soda 

(Klaproth). 

82.  Lasulite  ....  Silica,  alumina,  lime,  oxide  of  iron,  mag- 
nesia, soda,  and  sulphuric  acid. 

33.  EudiaUte     .     .     .  Silica,  soda,  zirconia,  lime,  oxides  of 

iron  and  manganese,  hydrochloric 
acid,  and  \9ater. 

84.  Orthite   ....  Silica,  alumina,  oxides  of  iron,  cerium, 

lanthanum,  and  manganese  ;  lime, 
yttria,  magnesia,  and  a  small  quantity 
of  water. 

35.  Electric  Calamine    Oxide  of  zinc,  silica,  and  water. 

36.  Sideroschisolite     .  Protoxide  of  iron,  silica,  alumina,  and 

water. 

37.  Hisingerite      .     .  Silicate  of  protoxide  and  sesquioxide 

of  iron  +  six  atoms  of  water. 

38.  Dioptase      .     .     .  Silicate  of  copper  and  water. 

89.  Meerschaum    .     .  Magnesia,  carDonic  acid,  silica,  water, 

a  little  alumina,  and  traces  of  manga- 
nese and  lime. 

40.  Copper,  Malachite  Carhonate  and  silicate  of  copper  and 

water. 

The  above  minerals,  when  finely  pulverized,  form  a  jelly 
when  hydrochloric  acid  is  poured  upon  them.  The  next  nine 
do  not  form  a  jelly,  and  some  of  them  are  only  decomposed  by 
protracted  digestion  with  hot  hydrochloric  acid.  Nearly  aU 
these  minerals  resist  altogether  the  action  of  adds  after  being 
ignited. 

1.  Stilbite     ....  Silicate  of  alumina,  lime,  and  water. 

2.  Epistilbite     .     ,     .  Ditto  ditto. 

3.  Heulandite    .     .     .  Tersilicate  of  alumina  and  lime. 

4.  Anorthite      .     .     .  Silica,  alumina,  lime,  and  magnesia. 

5.  Sphene  or  Pitanite  Tersilicate    of  lime    and  titanate  of 

lime. 

6.  Pyrosmalite  .     .     .  Lime,  tersilicate  of  oxide  of  iron  and 

of  manganese. 

7.  Cerite Hydrated  silicate  of  peroxide  of  ce- 

rium. 
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Combination  of — 
8.  Cerine  or  Allanite  .  SOicate  of  alumina  and  of  oerinm,  of 

iron  and  of  lime. 
0.  Pitchblende  .     .    .  Uranium  ore,  containing  from  two  to 

five  per  cent,  of  silica,  probably  in  a 

state  of  mechanical,  not  chemical, 

combination. 

Silicates  only  decomposable  hy  Fusion  with  Carbonate  ofBotassa 

or  Soda. 

1.  Felspar.  12.  Mica.  26.  Dichroite. 

2.  Albite.  13.  Lepidolite.  27.  Emerald. 
8.  Ehiacolite.          14.  Talc  28.  Euclase. 

4.  Petalite.  15.  Chlorite.  29.  Phenakite. 

5.  Spodumene         16.  Pinite.  80.  Tourmaline. 

(Soda  Spodu- 17.  Achmite.  81.  Axinite. 

mene).  18.  Amphibole.         32.  Topaz. 

6.  Oligoclase.  19.  AntnrophjUite.  33.  Ghoadrodite. 

7.  Labradorite.       20.  Pyroxene.  34.  Picrosmine. 

8.  Barytic  harmo-  21.  Diatlage.  35.  Carpholite. 

tone.  22.  Chatoyant    or    36.  Steatite. 

9.  Olivine.  Schiller  Spar.  37.  Serpentine. 

10.  Prehnite.  23.  Epidote.  38.  Pumice  stone. 

11.  Carbonated         24.  Idocrase.  39.  Obsidian. 

Manganese.      25.  Gurnets  40.  Pitch  stone. 

To  this  class  belong  also  the  different  species  of  false  gems 
and  artificial  glass. 

Silicates  which  resist  the  action  of  Acids  and  fimon  with  Alka- 
line Carbonates^  hut  which  a/re  decomposed  by  ignition  with 
pure  Potash. 

1.  Zircon.  8.  Cymophane.  5,  Andalusite. 

2.  Cyanite.  4.  Staurolite. 

Decomposition  of  Silicates  by  Acids.-^The  mineral  is  reduced 
to  the  finest  possible  powder  in  an  agate  mortar.  It  is  dried 
at  212^,  avoiding  a  higher  temperature,  because  many  of  these 
compounds  contain  water  and  other  volatile  matters  which  must 
not  DC  expelled ;  and  because,  moreover,  an  elevated  tempera- 
ture might  interfere  with  the  readiness  with  which  the  silicate 
is  decomposed  by  acids.  The  pulverized  mineral,  having  been 
deprived  of  its  hygrometric  water,  is  weighed  in  a  platinum  er 
porcelain  dish,  and  digested  at  a  gentle  heat  until  complete  de- 
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composition  has  taken  place,  which  is  known  by  rubbing  a  glass 
rod  against  the  bottom  and  sides  of  the  vessel ;  if  it  produce  a 
grating  noise  it  shows  that  the  decomposition  is  not  complete, 
and  the  digestion  must  be  continued  till  the  end  of  the  rod 
glides  smoothly  over  the  bottom  of  the  dish.  The  separated 
silicic  acid  does  not,  in  all  cases,  assume  the  same  appearance, 
as  was  remarked  above;  sometimes  it  separates  in  a  bulky 
gelatinous  state,  in  other  cases  no  jelly  is  formed,  the  acid 
being  liberated  in  the  form  of  a  fine  powder :  some  silicates, 
again,  are  decomposed  almost  instantaneously,  while  others  re- 
quire long-continued  digestion.  The  operator  must  bear  all 
these  facts  in  mind ;  and,  above  all,  he  must  assure  himself  of 
the  complete  decomposition  of  the  mineral,  or  all  his  time  and 
labour  will  have  been  expended  in  vain.  The  decomposition 
being  complete,  the  mass  is  evaporated  to  dryness  on  the  water- 
bath,  and  the  residue  heated  until  all  moisture  is  expelled ;  the 
dry  mass  is  then  digested  with  hydrochloric  acid,  which  dis- 
solves out  all  the  bases,  leaving  the  silicic  acid  in  its  insoluble 
modification :  it  is  collected  on  a  filter,  washed  with  boiling  dis- 
tilled water,  dried,  ignited,  and  weighed.  The  filtrate  and  the 
washings  are  quantitatively  examined  for  bases,  according  to  the 
instructions  given  in  the  last  chapter.  "Rose  objects  to  the  evapo- 
ration of  the  silicate  to  dryness  after  its  decomposition  by  hydro- 
chloric acid,  partly  on  the  grounds  that  the  whole  of  the  silica  is 
not  thereby  rendered  insoluble,  and  that  portions  have  still  to 
be  separated  in  the  course  of  the  analysis,  but  chiefiy  because  it 
is  possible  that  during  the  evaporation,  certain  volatile  consti- 
tuents of  the  compound  may  be  expelled,  and  thus  escape  de- 
tection, which,  he  says,  has  happened  with  many  chemists  who 
have  pursued  this  method.  Compounds  which  are  easily  de- 
composed by  hydrochloric  acid,  should  never,  according  to  this 
eminent  chemist,  be  exposed  to  heat,  but  digested  with  cold 
acid,  only  employing  heat  when  the  decomposition  will  not  pro- 
ceed without  it.  In  cases  where  the  silicic  acid  is  separated  in 
the  gelatinous  form,  Bose  treats  the  mass  with  water,  and 
thus  separates  the  silicic  acid  in  light  fiocks.  Most  chemists, 
however,  prefer  the  method  of  evaporating  the  whole  mass  at 
once  to  dryness ;  it  is  the  simplest,  and  on  the  whole  the  least 
troublesome,  and  if  the  mass  has  been  thoroughly  exsiccated, 
there  is  very  little  fear  of  any  of  the  silicic  acid  finding  its  way 
again  into  the  solution.  In  the  case  of  those  minerals  which 
contain  volatile  constituents,  their  nature  will  geuernlly  bo 
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made  known  by  the  preliminary  examination,  and  tbe  course  of 
analysis  will  be  shaped  accordingly ;  it  is  evident,  however,  that 
these  particular  cases  cannot  come  within  the  limits  of  a  de- 
scription* of  a  general  method,  to  which  the  above  instructions 
must  be  understood  to  apply. 

(2.)  Decomposition  of  Silicates  hy  fusion  with  Alkaline  Carbo- 
nate,— The  mineral  reduced  to  the  finest  possible  state  of  division, 
(by  elutriation  if  necessary,)  is  mixed  in  a  platinum  crucible  with 
from  three  to  four  times  its  weight  of  pure  anhydrous  carbonate 
of  soda,  or  with  an  equal  quantity  of  well-dried  and  previously 
pulverized  carbonate  of  potassa,  or,  which  perhaps  is  still  better, 
with  a  mixture  of  the  two  carbonates  in  the  proportion  of  single 
equivalents,  such  as  is  obtained  by  calcining  Kochelle  salt  (tar- 
trate of  potassa  and  soda),  lixiviating  the  calcined  mass  in  water, 
and  evaporating  the  solution  to  dryness.  The  mixing  of  the 
pulverized  mineral  with  the  alkaline  carbonate  is  made  by  a 
rounded  glass  rod ;  it  must  be  very  intimate,  and  all  portions  ad- 
hering to  the  rod  must  be  carefully  wiped  off  into  the  crucible. 
The  cover  is  placed  loosely  on  the  crucible,  and  it  is  gradually 
raised  to  intense  ignition,  at  which  it  must  be  maintained  from 
thirty  minutes  to  an  hour ;  at  the  end  of  this  time  the  mass 
will  De  either  completely  fused,  or  in  a  state  of  semi-fusion,  ac- 
cording as  the  mineral  contains  more  or  less  silicic  acid.  The 
contents  of  the  crucible  when  cold,  are  transferred  to  a  beaker, 
which  can  be  covered  with  a  glass  plate.  When  the  mass  has 
only  been  in  a  state  of  semi-fusion,  it  is  generally  easily  removed 
by  bending  and  pressing  the  sides  of  the  crucible ;  but  when 
the  fusion  has  been  complete,  it  is  sometimes  not  very  easy  to 
remove  it  without  having  recourse  to  hydrochloric  acid :  in  the 
event  of  this  being  necessary,  the  crucible  should  be  placed  in 
a  large  beaker  before  the  acid  is  poured  on  it,  in  order  to  avoid 
loss  by  the  sudden  evolution  of  carbonic  acid.  The  contents 
of  the  crucible  being  safely  lodged  in  the  beaker,  the  mass  is 
drenched  with  water,  and  hydrochloric  acid  added  cautiously,  to 
prevent  too  violent  an  effervescence ;  it  is  then  covered  with  its 
plate,  and  exposed  to  a  gentle  heat  until  perfect  solution  has 
taken  place,  or  until  only  slight  flakes  of  silica  are  seen  floating 
in  it,  by  which  it  is  known  that  the  decomposition  of  the  mine- 
ral has  been  complete.  If,  on  the  other  hand,  a  heavy  gritty 
powder  should  subside  to  the  bottom  of  the  vessel,  the  ope- 
rator hereby  learns  that,  either  from  not  having  been  in  suffi- 
ciently fine  a  state  of  division,  or  from  the  heat  not  having 
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been  sufficiently  intense  or  long  continued,  or  from  some  otber 
cause,  the  mineral  has  not  been  entirely  decomposed ;  and  the 
powder  must  be  carefully  collected,  washed,  dried,  and  weighed, 
and  the  weight  deducted  from  the  quantity  originally  taken ; 
or,  which  is  always  best,  the  whole  experiment  must  be  recom- 
menced with  a  fresh  portion  of  substance.  Supposing,  however, 
the  decomposition  to  have  been  successfully  performed,  the 
silica  is  separated  by  evaporation  to  dryness  on  the  water-bath, 
and  the  analysis  proceeded  with  precisely  in  the  same  manner 
as  in  the  case  of  a  silicate,  decomposable  by  simple  digestion 
with  hydrochloric  acid. 

It  must  be  observed  that  the  silicic  acid,  as  separated  irom 
minerals  of  difficult  decomposition,  may  contain  a  considerable 
quantity,  12  or  15  per  cent,  of  alumina,  and  still  form  a  trans- 
parent glass  when  fused  with  soda.  It  is  always  necessary, 
therefore,  to  examine  the  silica  obtained  from  such  minerals 
very  carefully  for  that  earth,  with  which  view  it  is  fused  with 
carbonate  of  potassa,  the  melted  mass  treated  with  hydrochloric 
acid,  and  the  solution  evaporated  to  dryness.  The  dry  mass 
is  moistened  with  hydrochloric  acid,  and  afterwards  treated 
with  water.  The  acid  solution,  filtered  from  the  undissolved 
silicic  acid,  is  now  supersaturated  with  ammonia.  If  the  solu- 
tion give  no  precipitate,  the  silicic  acid  may  be  considered  to 
have  been  pure ;  but,  if  a  precipitate  be  formed,  this  can  only 
arise  from  an  impurity,  which,  in  most  cases,  will  prove  to  be 
alumina. 

(3.)  Decomposition  of  Silicates  hy  Hydrofluoric  Acid. — The 
finely  powdered  mineral  is  placed  in  a  shallow  platinum  dish  h^ 
supported  on  a  lead  tripod, 
standing  in  the  centre  of  a 
lead  dish  a,  Fig.  77,  about 
six  inches  in  diameter.  The 
bottom  of  this  lead  ves- 
sel is  covered  to  the  depth 
of  from  one-eighth  to  one-  p.    ^rj 

fourth  of  an  inch,  with  a 

mixture,  made  to  the  consistence  of  paste,  of  powdered  fluor- 
spar and  sulphuric  acid.  The  dish  is  provided  with  a  flat 
cover,  made  of  the  same  metal.  The  mineral  to  be  decomposed 
is  moistened  with  a  little  water,  and  the  cover  having  been 
placed  on  the  dish,  the  latter  is  gently  heated  over  the  sand- 
bath  underneath  a  flue ;  hydrofluoric  acid  is  liberated,  bv  means 
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of  which  from  20  to  30  grains  of  siliceous  roineral  may  be 
completely  decomposed  in  the  course  of  an  hour  and  a  half. 
During  the  process,  the  powder  must  be  twice  moistened  with 
a  few  drops  of  water ;  if  it  be  well  spread  out  on  the  platinum 
dish,  it  is  unnecessary  to  stir  it.  When  the  operation  is 
finished,  concentrated  sulphuric  acid  is  added,  drop  by  drop, 
to  the  powder,  as  long  as  hydrofluosilicic  acid  is  given  off;  a 
gentle  heat  is  at  the  same  time  applied,  and  finally  the  exceK» 
of  sulphuric  acid  is  driven  off  by  coLtinued  heat  and  evapo- 
ration to  dryness.  The  dry  residue,  after  being  moistened  with 
hydrochloric  acid,  is  boiled  in  water,  and  further  examined  in 
the  usual  way.  This  method  is  particularly  applicable  to  the 
examination  of  such  minerals  as  contain  alkalies :  or  the  finely 
pulverized  silicate  may  be  digested  with  rather  concentrated 
hydrofluoric  acid  and  a  gentle  heat,  sulphuric  acid  added  cau- 
tiously in  excess,  and  the  mixture  evaporated  to  dryness,  first 
on  the  water-bath  and  afterwards  at  a  higher  temperature,  until 
the  excess  of  sulphuric  acid  is  expelled.  If,  on  the  addition  of 
water  aided  by  heat,  the  dry  residue  be  completely  dissolved, 
the  decomposition  of  the  silicate  is  complete ;  if,  on  the  con- 
trary, a  residue  remain,  this  must  be  again  treated  with  hydro- 
fluoric acid.  The  evaporation  must  be  conducted  under  a  hood 
so  as  to  carry  off  the  fumes  of  hydrofluoric  acid,  which  are 
very  corrosive  and  injurious. 

Another  method  of  analysing  such  silicates,  proposed  by 
Abich,  is  to  fuse  them  with  hydrate  of  baryta  or  with  carbonate 
of  baryta,  using  from  4  to  6  parts  of  the  carbonate  to  1  of  the 
mineral;  the  most  intense  heat  is  required,  no  action  taking 
place  till  a  state  of  fusion  has  been  induced ;  but,  when  once 
the  action  has  commenced,  it  goes  on  rapidly  and  energetically, 
and  the  operation  is  finished  in  a  quarter  of  an  hour.  M  o  silicate 
has  yet  been  found  to  withstand  the  action  of  this  agent,  but 
the  most  powerful  heat  attainable  in  a  wind  furnace  of  the  best 
construction  is  required.  When  hydrate  of  baryta  is  employed, 
the  operation  maybe  conducted  in  a  silver  crucible  over  a  good 
spirit  lamp ;  from  4  to  5  parts  of  the  hydrate,  deprived  of  its 
water  of  crystallization,  are  mixed  intimately  with  L  of  the 
powdered  mineral,  and  the  mixture  is  then  covered  with  a  layer 
of  Carbonate 'of  baryta.  The  decomposition  being  complete, 
the  analysis  is  proceeded  with  in  the  usual  manner. 

Fluoride  of  ammonium  may  also  be  employed  for  the  decom- 
position of  silicates ;  it  is  made  by  saturating  hydrofluoric  acid 


SILICON.  ^  473 

with  ammonia.  The  impure  acid  which  generallj  contains 
some  fluoride  of  silicon,  lead,  and  iron,  will  answer  for  the  pur- 
pose. A  small  quantity  of  carbonate  of  ammonia  and  sulpnide 
of  ammonium  must  be  added  to  the  solution,  which  after  a  time 
is  decanted  and  evaporated  in  a  platinum  crucible.  During  the 
evaporation,  a  small  piece  of  carbonate  of  ammonia  must  be 
added  from  time  to  time ;  when  the  mass  becomes  pasty,  it  must 
be  stirred  with  a  spatula ;  when  well  dried,  the  salt  may  be  kept 
in  vessels  of  platinum,  silver,  or  gutta-percha. 

To  apply  this  salt  to  the  analysis  of  silicates,  Eose  directs 
thus  (Poggendorft''s  Annalen  der  Physik  und  Chem.,  vol.  cviii.). 
Mix  the  finely  pulverized  mineral  with  six  times  its  weight  of 
the  fluoride  in  a  platinum  crucible ;  add  a  little  water,  and  heat 
at  first  gently,  and  then  to  bright  redness,  and  continue  the 
heat  as  long  as  vapours  are  disengaged.  Treat  the  residue  with 
sulphuric  acid,  and  drive  off  the  excess  of  this  acid  by  evapora- 
tion. When  the  sulphates  formed  are  not  completely  dissolved 
by  water  acidulated  with  hydrochloric  acid,  the  insoluble  resi- 
due must  be  treated  with  a  fresh  portion  of  the  fluoride.  The 
temperature  should  not  be  raised  too  high  during  the  operation, 
for  in  that  case,  if  the  silicate  contain  alumina,  a  fluoride  of  alu- 
minum will  be  formed  diflieult  to  decompose  by  sulphuric  acid. 

(4.)  Decomposition  of  Silicates  hy  /union  with  Carbonate  of 
Lime  and  Chloride  of  Ammonium  (Lawrence  Smith, '  Silliman*8 
Journal,'  July,  1853). 

Mix  intimately  in  a  glazed  mortar,  one  part  of  the  finely  pul- 
verized mineral  with  five  or  six  parts  of  carbonate  of  lime,  and 
half  to  three-fourths  of  pure  chloride  of  ammonium  ;  introduce 
the  mixture  into  a  platinum  crucible,  and  heat  to  bright  red- 
ness from  thirty  to  forty  minutes.  There  is  no  silicate  which 
after  having  undergone  this  process  is  not  easily  dissolved  by 
hydrochloric  acid.  For  the  action  of  the  lime  to  have  been 
complete,  it  is  not  necessary  that  the  mass  should  have  settled 
down  to  perfect  fusion.  The  contents  of  the  crucible  are  dis- 
solved in  dilute  hydrochloric  acid,  and  the  solution  evaporated 
to  dryness,  the  operation  may  be  completed  over  a  lamp  with- 
out the  danger  of  the  spitting,  which  occurs  when  the  fusion 
is  made  with  soda.  To  the  dry  mass  hydrochloric  acid  is  added, 
it  is  then  diluted  and  boiled ;  when  cold,  carbonate  of  ammonia 
is  slowly  added  in  excess,  and  the  precipitate  which  occurs  is 
filtered  ofl*.  The  filtrate  contains  chloride  of  ammonium,  chlo- 
rides of  calcium,  and  perhaps  of  magnesium,  and  the  alkalies 
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of  the  mineral*     It  is  concentrated  bj  evaporation,  and  nitric 
acid  added  iu  the  proportion  of  about  three  parts  to  everj 
one  of  chloride  of  ammonium,  the  latter  is  completely  decom* 
posed  by  the  nitric  acid  at  a  low  temperature,  into  gaseous  pro- 
ducts, and  much  trouble  is  avoided,  the  evaporation  proceed- 
ing rapidly.     When  dry,  the  residue  is  dissolved  in  water,  lime 
water  is  added,  and  the  liquid  is  boiled  and  filtered.     To  the 
filtrate,  a  sufficient  quantity  of  carbonate  of  ammonia  is  added 
to  separate  the  lime,  which  is  filtered  off,  and  the  filtrate  is 
again  evaporated  to  dryness.     Dilute  sulphuric  acid  is  now 
added,  by  which  the  nitric  and  hydrochloric  acids  are  expelled, 
and  the  alkalies  remain  in  the  form  of  sulphates.   For  the  con- 
version of  the  alkaline  sulphates  into  chlorides,  acetate  of  lead  is 
added  in  slight  excess,  in  order  to  precipitate  the  sulphuric  acid ; 
the  sulphate  of  lead  is  filtered  off;  the  lead  is  removed  from 
the  filtrate  by  sulphuretted  hydrogen,  the  sulphide  of  lead  is 
filtered  off,  excess  of  hydrochloric  acid  is  added  to  the  filtrate, 
by  which  the  acetates  of  the  alkalies  are  converted  into  chlorides, 
and  the  liquid  is  evaporated  to  dryness.     When  the  object  is 
the  quantitative  estimation  of  the  alkalies  only,  in  the  siliceous 
compound,  (analysis  of  soils,  cinders,  etc.)  the  above  operations 
may  be  considerably  curtailed.     After  the  mineral  or  product 
under  examination  is  perfectly  decomposed  by  fusion  with  carbo- 
nate of  lime  and  chloride  of  ammonium,  the  mass  is  heated  with 
water  alone,  until  thoroughly  disintegrated,  when  it  is  thrown 
upon  a  filter,  and  thoroughly  washed.     The  filtrate  contains 
merely  the  chlorides  of  the  alkalies,  a  little  chloride  of  calcium, 
and  caustic  lime.    A  small  quantity  of  carbonate  of  ammonia 
is  added  to  precipitate  the  two  latter  substances,  the  carbonate 
of  lime  is  separated  by  filtration,  the  filtrate  is  evaporated  and 
gently  ignited,  and  the  residue  consists  of  the  alkalies  in  the 
state  of  chlorides. 

196.  Caebokio  Acid. 

(I.)  Quantitative  determination  of  Carbonic  Acid  in  a  free  state 
27»  aqueous  solution, — This  is  very  conveniently  effected  by  adding 
to  a  weighed  or  measured  quantity  of  the  solution,  a  clear  mix* 
ture  of  chloride  of  barium  and  excess  of  ammonia ;  the  latter 
absorbs  the  carbonic  acid,  and  carbonate  of  ammonia  is  formed 
which,  reacting  with  the  chloride  of  barium  gives  rise  to  chloride 
of  ammonium  and  carbonate  of  baryta :  the  latter  is  precipitated. 
It  is  collected  on  a  filter  and  washed  with  water,  to  which  am- 
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monia  has  been  added ;  the  funnel  must  be  carefully  protected 
from  the  air  during  filtration,  otherwise  carbonic  acid  might 
be  absorbed,  which  would  increase  the  amount  of  carbonate  of 
baryta. 

The  precipitate  having  been  well  washed,  is  dried  and  gently 
ignited,  together  with  the  filter,  it  may  then  be  weighed,  and 
the  amount  of  carbonic  acid  calculated  from  the  weight  of  the 
carbonate  of  baryta  ;  but  should  the  original  solution  contain 
any  substances  which  might  also  be  precipitated  by  ammonia, 
and  chloride  of  barium,  the  amount  of  carbonic  acid  in  the  pre- 
cipitate should  be  determined  in  the  apparatus  of  Will  and 
Fresenius  (Fig.  69,  p.  268).  A  process  for  determining  the 
amount  of  free  carbonic  acid  in  a  water,  apart  from  that  which 
is  combined  with  lime  and  magnesia  in  the  form  of  soluble 
bicarbonates,  has  been  suggested  by  M.  Gaultier  de  Claubry 
(Comptes  fiendus,  vol.  xlviii.).  It  consists  in  passing  through 
the  water  a  current  of  atmospheric  air  which  has  been  freed  from 
carbonic  acid ;  the  free  carbonic  acid  in  the  water  only  is  re- 
moved, the  bicarbonates  remaining  in  solution ;  after  passing 
through  the  water,  the  air  is  dried  and  then  passed  through  a 
weighed  Liebig's  potassa-bulb. 

(2.)  SsHm^tion  of  Carbonic  Acid  in  the  gaseous  state, — The 
volume  of  gas  is  first  accurately  measured  in  a  graduated  tube 
standing  over  mercury ;  a  small  piece  of  moistened  caustic  po- 
tassa,  attached  to  a  piece  of  ignited  iron  wire,  is  then  passed 
through  the  mercury  into  the  tube  ;  when  the  absorption  has 
ceased,  the  potassa  is  withdrawn,  and  the  volume  of  the  unab- 
sorbed  gas  accurately  determined :  the  difference  in  the  two 
measurements  indicates  the  quantity  of  carbonic  acid.  When 
the  volume  of  the  gas  is  large,  and  contained  in  a  receiver 
which  is  not  graduated,  it  is  sometimes  determined  by  the 
increase  in  weight  of  a  piece  of  caustic  potassa  passed  into  the 
receiver,  and  allowed  to  remain  for  some  time  in  contact  with 
the  gas. 

(3.)  Estimation  of  Carbonic  Add  in  Aerated  Waters. — A  piece 
of  india-rubber  tubing  a  (Fig.  78)  is  attached  to  a  cork 
borer  5  or  6  inches  long,  having  small  holes  pierced  in  its 
sides ;  a  bent  tube  leading  into  a  flask  containing  pure  am- 
monia, is  securely  connected  with  the  other  end  of  the  vulca- 
nized tube.  On  boring  the  cork  the  plug  carried  down  stops 
the  tube  until  the  lateral  holes  come  below  the  lower  surface 
of  the  cork,  when  effervescence  commences,  the  liberated  car- 
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bonio  acid  being  absorbed  by  ammonia.  As  soon  aa  all  TJsible 
sction  has  ceased,  the  vessels  are  disconnected,  and  the  content* 
of  the  bottle  emptied  into  the  flaak  containing  the  solution  of 
ammoDJa;  chloride  of  barium  ia  then  added,  and  the  whole  ia 
boiled.     The  amount  of  carbonic  acid  in  the  precipitate  is  de- 


Fig.  78. 

termined  in  the  apparatus  of  Will  and  Freaenius.  Thia  repre- 
sents the  total  quantity  of  cnrbonic  acid,  free  and  combined. 
To  ascertain  the  quantity  in  the  latter  state,  the  contents  of  a 
similar  bottle  of  the  wafer  are  evaporated  to  dryness,  the  resi- 
due is  very  gently  ignited,  and  the  amount  of  carbonic  acid  de- 
termined ;  this  is  deducted  from  the  total  quantity  found  by  the 
first  experiment ;  the  diHerence  is  the  weight  of  the  carbonic 
acid  existing  in  the  water  in  a  gaseous  state. 

Analgm  of  Carbonates. — We  have  already  described  at  some 
length  the  method  which  ia  easiest  of  execution,  and  which,  on 
the  whole,  gives  the  most  satisfactory  results,  viz.  that  of 
Fresenius  and  Will.  Pig.  79  shows  a  little  apparatus  that 
may  aometiiries  be  conveniently  employed.  It  consists  of  a 
amall  thin- bottomed  flask,  capable  of  containing  about  four 
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ounces  of  water.  It  is  fitted  witb  a  cork,  through  which  is  in* 
serted  a  bent  tube  adapted  to  another  wide  tube,  containing  frag- 
ments of  dried  chloride  of  calcium ; 
the  extremity  of  this  tube  is  drawn 
out  to  a  capillary  orifice.  The  small 
tube  seen  inside  the  iiask  is  intended 
to  hold  the  sulphuric  or  hydrochloric 
acid,  with  which  it  is  proposed  to  de- 
compose the  carbonate.  It  should 
rest  against  the  side  of  the  flask  at 
an  angle  of  about  45^  from  the  bot- 
tom, so  that  by  inclining  the  flask 
the  whole  of  the  acid  can  be  made  to 
flow  out.  The  carbonate  to  be  ana- 
lysed is  accurately  weighed,  and  pro-  i'ig.  79. 
jected  into  the  flask,  which  should 

contain  about  an  ounce  of  water ;  and,  the  chloride  of  calcium 
tube  having  been  fixed  air-tight  into  its  place,  the  whole  appa- 
ratus is  accurately  weighed.  Great  care  must  be  taken  that  none 
of  the  acid  in  the  tube  comes  into  contact  with  the  carbonate 
before  the  operation  is  commenced.  Everything  being  ready, 
the  flask  is  inclined  so  as  to  allow  a  portion  of  the  acid  to  flow 
out  of  the  tube ;  eflervescence  immediately  takes  place,  carbonic 
acid  is  expelled,  and  escapes  through  the  orifice  of  the  chloride 
of  calcium  tube,  being  thoroughly  dried  during  its  passage 
through  the  lime  salt.  As  soon  as  the  eflervescence  has  ceased, 
a  fresh  portion  of  acid  is  caused  to  flow  out  of  the  tube,  and 
the  operation  is  repeated  until  no  further  escape  of  carbonic 
acid  gas  is  perceived. 

The  flask  is  now  placed  in  a  vessel  of  boiling  water,  where 
it  is  allowed  to  remain  for  some  time  in  order  to  expel  all  the 
carbonic  acid  in  the  liquor,  and  in  the  upper  part  of  the  flask, 
aqueous  vapour  is  prevented  from  escaping  by  the  chloride  of 
calcium.  On  cooling,  atmospheric  air  finds  its  way  into  the 
flask,  which  is  thus  brought  to  the  same  condition  it  was  in, 
previous  to  commencing  the  experiment.  It  is  now  weighed ; 
the  loss  of  weight  indicates  the  amount  of  carbonic  acid. 
This  is  a  very  convenient  little  apparatus  for  the  analysis  of 
limestones  and  marls. 

Many  other  forms  have  been  given  to  this  apparatus  ;  that 
by  F.  Mobr,  shown  in  Fig.  80,  is  neat,  light,  and  convenient. 
The  acid  with  which  the  carbonate  is  to  be  decomposed  is  con- 
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n  the  bulb,  it  is  introduced  into  the  ilask,  eontnining 
.  the  carbonate  to  be  decomposed,  by 

relaxing  the  india-rubber  tube  adapt- 
ed to  the  upper  end,  bv  the  compres- 
sion of  the  clamp ;  the  exit  tube  is 
filled  with  fragments  of  chloride  of 
calcium. 

Another  form  of  apparatus  ia  shown 
in  Fig,  81.  The  acid  is  contnined  in 
the  test-tube,  which  is  connected  with 
the  flask  containing  the  carbonate  to 
be  analysed  bj  the  siphon  b,  a;  by 
applying  suction  nt  d  thi'  acid  ia  intro- 
duced into  the  flnsk,  and  the  liberated 
carbonic  acid  gas  escapes  through  the 
chloride  of  calcium  tube  c,  by  which  it 
becomes  dried. 

Mohr's  appnratus  is  represented  in 
Fig.  82  ;  it  is  especially  adapted  for  de- 
termining the  amount  of  cnrbonic  acid 
Fig.  80,  in  the  carbonates  of  the  metallic  oxides, 

and  in  mortars,  cements,  eitc.  The  weighed  substance  is  intro- 
duced into  the  flask 
h,  together  with  some 
water,  and  a  Uttle 
^■*wwTl/-M^iTl»,  tincture  of  litmus;  d 
MiitmSmmh  contains  strong  hy- 
drochloric acid.  The 
fla«k  a  is  about  one- 
eighth  filled  with  so- 
lution of  ammonia, 
free  from  carbonic 
acid,  and  the  tube  e 
contains  fragments 
of  coarsely  pound- 
ed glass,  moistened 
with  the  same  liquid. 
Everythinji  being  ar- 
ranged, and  the  appa- 
ratus having  been 
proved  to  be  tight, 
the  clip  of  the  tube  d  is  relaxed  so  as  to  allow-  the  acid  to  flow 
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5;r»dually  into  h,  which  should  then  be  gradually  heated  till  the 
iquid  boils;  it  ia  allowed  to  cool,  and  again  boiled,  and  the 
same  operation  is  several  times  repeated,  until  it  ie  certain  that 


Fig.  62. 

t)ie  ^bole  of  the  carbonic  acid  has  been  carried  into  the  floak  a. 
The  liquid  in  b,  at  the  end  of  the  operation,  must  be  intenaelv 
red,  and  the  end  of  the  siphon-tube  must  not  reach  the  surface 
of  the  ammonia  solution  in  a.  When  the  apparatus  ie  cold, 
it  is  taken  apiirt ;  solution  of  chloride  of  barium  is  added  to 
the  contents  of  a,  which  are  then  boiled,  rapidly  filtered,  and 
the  amount  of  carbonic  acid  in  the  precipitate  determined  in 
the  usual  manuer. 

The  analysis  of  a  ^reat  many  solid  carbonates  may  be 
effected  b^  simply  igniting  them,  and  estimating  the  amount 
of  carbonic  acid  from  the  loss  of  weight;  it  is,  of  course, 
indispensable  that  the  substaoce  shall  contain  no  other  volatila 
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constituents,  which  may  be  expelled  by  the  ignition,  together 
with  the  carbonic  acid.  It  is  also  necessary  that  the  sub- 
stance from  which  the  carbonic  acid  is  expelled  shall  not  itself 
undergo  any  alteration,  whereby  it  may  be  either  increased 
or  diminished  in  weight.  The  carbonates  of  certain  metallic 
oxides  are  in  this  condition ;  as,  for  example,  the  carbonates  of 
protoxide  of  iron  and  of  manganese,  and  of  oxide  of  cobalt. 
The  analysis  of  these  salts  may  be  performed  by  igniting 
them  in  a  bulbed  tube  of  hard  glass,  through  which  a  stream 
of  dry  carbonic  acid  gas  is  passing.  Carbonates  which  con- 
tain water,  are  analysed  by  the  same  process  which  is  adopted 
in  determining  the  carbon  and  hydrogen  in  organic  substances, 
and  which  will  be  fully  described  hereafter. 

The  decomposition  of  carbonates  by  heat  is  greatly  facili- 
tated by  mixing  them  with  about  four  times  their  weight 
of  finely  powdered  borax,  as  was  first  pointed  out  by  Count 
F.  Schafigotsch  (PoggendorflTs  *  Annalen  ').  He  did  not  find 
anhydrous  boracic  acid  so  convenient  for  the  purpose,  since 
by  long  melting  this  acid  decreases  slowly  but  constantly  in 
weight.  The  anhydrous  biborate  of  soda,  or  glass  of  borax, 
is,  however,  absolutely  fixed,  and  is  well  adapted  for  the  pur- 
pose, from  the  ease  with  which  it  decomposes  the  carbonates 
in  fusing,  and  from  its  causing  no  ebullition  on  account  of  its 
thick  fluidity. 

Separation  of  Carbonic  Aeid  from  Sulphurous  Acid,  —  For 
this  purpose  Persoz  introduces  into  a  graduated  tube  con- 
taining the  mixed  gases,  a  glass  rod  covered  with  starch  paate, 
and  coated  with  powdered  iodate  of  potassa  or  Soda ;  the  sul- 
phurous acid  is  hereby  converted  into  sulphuric  acid,  and  as 
soon  as  no  further  decrease  in  the  quantity  of  the  confined  gas 
is  perceptible,  the  glass  rod  is  removed,  and  the  residual  gas 
immediately  measured.  Before,  however,  the  carbonic  acid  can 
be  considered  as  free  from  sulphurous  acid,  another  glass  rod 
must  be  introduced,  which  is  also  covered  with  the  paste  made 
with  starch  and  a  dilute  solution  of  iodate  of  potassa ;  if  the 
least  trace  of  sulphurous  acid  exist  in  the  gas,  the  rod  is  in- 
stantly coloured  blue.  This  method  is  therefore  well  adapted 
for  the  detection  of  minute  traces  of  sulphurous  acid. 

Separation  of  Carbonic  Acid  from  all  other  Acids, — As  car- 
bonic acid  is  readily  removed  from  its  combinations  by  heating 
with  stronger  acids,  its  separation  from  most  other  electro- 
negative bodies  is  attended  with  but  little  difficulty.     The 
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carbonic  acid  is  determined  in  one  portion  of  the  compound, 
and  tbe  other  acids  in  another  portion.  If  the  substance  under 
examination  contain  fluorides,  the  carbonic  acid  is  expelled  by 
one  of  the  weak  non- volatile  acids,  such  as  tartaric  or  citric 
acid ;  since,  if  sulphuric  or  hydrochloric  acid  were  employed, 
hydrofluoric  acid  would,  at  the  same  time,  be  discharged. 
When  there  occurs  in  the  course  of  an  analysis,  a  mixed  pre- 
cipitate of  fluoride  of  calcium  and  carbonate  of  lime,  Fresenius 
directs  the  separation  of  the  two  substances  to  be  eflected  by 
pouring  acetic  acid  over  the  mixed  precipitate,  adding  alcohol, 
filtering,  and  finally  washing  the  residue  with  alcohol. 

Separation  of  Carbon  from  Nitre  and  Sulphur :  Analysis  of 
Gunpowder. — The  sample  intended  for  analysis  (from  20  to  30 
grains)  is  finely  pulverized  and  dried,  either  in  the  water  bath, 
or  in  vacuo  over  sulphuric  acid,  in  the  manner  shown  in  Fig.  59, 
p.  247.  It  is  then  digested  for  some  time  with  boiling  distilled 
water,  and  the  insoluble  portion  thrown  on  a  filter,  the  weight  of 
which  is  known.  It  isTepeatedly  washed  while  on  the  filter  with 
hot  water.  The  filtrate  and  the  washings  are  evaporated  to 
dryness,  and  the  dry  mass  estimated  as  nitre ;  or,  after  having 
weighed  the  residue,  it  may  be  redissolved  in  water,  and  tested 
for  common  salt  by  nitrate  of  silver,  and,  if  any  notable  quan- 
tity is  thereby  indicated,  the  silver  salt  must  be  added  as  long 
as  any  precipitation  takes  place,  and  the  resulting  chloride  of 
silver  calculated  into  its  equivalent  of  chloride  of  sodium,  and 
the  amount  deducted  from  the  dry  salt.  The  substance  re- 
maining on  the  filter  is  dried  and  weighed;  it  consists  of  car- 
bon and  sulphur.  To  determine  the  proportion  of  these  two 
elements,  a  fresh  quantity,  (from  15  to  20  grains,)  of  the  finely 
powdered  sample,  is  intimately  mixed  with  an  eoual  amount  of 
pure  anhydrous  carbonate  of  soda ;  the  mass  is  then  mixed 
with  about  eight  parts  of  nitre,  and  six  of  common  salt.  The 
whole  is  strongly  heated  in  a  platinum  crucible :  the  sulphur 
becomes  hereby  oxidized  into  sulphuric  acid  at  the  expense  of 
the  oxygen  of  the  nitric  acid,  and  the  acid  thus  formed  unites 
with  the  potassa  of  the  decomposed  nitre,  forming  sulphate  of 
potassa.  As  soon  as  the  mass  nas  become  white,  it  is  dissolved 
in  water,  acidified  with  hydrochloric  acid,  and  the  sulphuric  acid 
precipitated  by  chloride  of  barium ;  from  the  weight  of  sul- 
phate of  baryta  obtained,  the  amount  of  sulphur  is  calculated. 

Marchand  modifies  the  above  (Gay-Lussac's)  method  of  esti- 
mating the  sulphur  in  gunpowder  in  the  following  manner : — A 
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mixture  of  1  part  of  nitrate  and  3  parts  of  carbonate  of  baryta- 
is  intimately  mixed  witb  a  twelftb  part  of  tbe  powder,  and 
heated  in  a  tube  closed  at  one  end.  A  layer  from  3  to  4  inches 
in  length  of  bar}''ta  salt  is  inserted  in  front  of  the  mixture,  and 
the  whole  is  heated  in  the  combustion  furuace,  beginning  at 
tbe  anterior  portion.  The  mixture,  which  does  not  fuse,  is  easily 
removed  from  the  tube,  which  is  rinsed  with  dilute  hydrochloric 
acid,  in  which  the  ignited  mass  is  then  dissolved.  The  liquid  is 
retained  in  a  beaker  for  several  hours  near  212^,  and  the  sul- 
phate of  baryta  is  then  collected  on  a  jBlter.  The  amount  of 
sulphur  may  likewise  be  determined  accurately  in  the  moist  way. 
From  30  to  40  grains  of  the  powder  are  treated  in  a  flask  with 
concentrated  nitric  acid,  witn  the  addition  of  a  few  grains  of 
chlorate  of  potassa ;  the  mass  is  kept  gently  boiling,  until  at 
last,  a  colourless  liquid  is  obtained,  which  is  diluted  with  a  large 
quantity  of  water,  and  precipitated  while  hot  with  chloride  of 
barium. 

M.  Cloez  and  Ouignet  employ  as  an  oxidizing  agent,  pure 
crystallized  permanganate  of  potassa.  About  one  gramme  of 
the  well-dried  pow^der  is  boiled  with  a  saturated  solution  of  the 
permanganate,  fresh  portions  being  added  from  time  to  time, 
until  the  mixture  has  a  persistent  violet  colour :  concentrated 
hydrochloric  acid  is  then  added,  and  the  whole  boiled  until  the 
oxide  of  manganese  is  completely  dissolved ;  the  solution  is 
filtered,  concentrated  (if  necessary),  a  little  nitric  acid  added,  and 
the  sulphuric  acid  precipitated  by  chloride  of  barium. 

The  charcoal  is  estimated  indirectly  by  deducting  the  weights 
of  the  moisture,  nitre,  and  sulphur,  from  the  original  weight  of 
the  powder  analysed. 

The  amount  of  nitre  in  gunpowder  may,  according  to  Mar- 
chand,  be  ascertained  with  great  precision,  by  determining  the 
quantity  of  nitrogen  in  the  powder.  For  this  purpose  a  por- 
tion of  the  sample  is  weighed  off,  reduced  to  a  fine  powder,  and 
intimately  mixed  with  oxide  of  copper ;  the  mixture  is  trans- 
ferred to  a  combustion  tube,  the  sealed  end  of  which  is  charged 
with  carbonate  of  lead,  and  then  with  oxide  of  copper ;  oxide 
of  copper  and  metallic  copper  are  placed  in  front.  The  details 
of  the  process  will  be  given  hereafter. 

Uchatius  employs  the  following  ingenious  process  for  deter- 
mining the  amount  of  nitre.  20  grammes  of  the  powder  are  intro- 
duced into  a  flask  with  about  50  grains  of  lead  shot;  200  grammes 
of  well  water  are  then  added  by  means  of  a  graduated  pipette ; 
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the  flask  is  well  closed  and  shaken  for  eight  minutes,  by  which 
the  solution  of  the  nitrate  of  potash  in  the  powder  is  completely 
effected.  The  solution  is  filtered,  and  172  grammes  of  the  filtrate 
measured  off  in  a  second  pipette,  and  placed  in  a  narrow  beaker ; 
it  is  brought  to  the  normu  temperature,  and  a  glass  bubble  is 
introduced.  This  bubble  is  so  constructed  that  when  the  powder 
contains  75  per  cent.  (=15  grammes  of  nitrate  of  potassa)  it  will 
rise  to  the  surface,  while  the  addition  of  three  or  four  drops  of 
water  will  cause  it  to  sink  to  the  bottom.  By  means  of  a  gra* 
duated  pipette,  fixed  quantities  of  one  of  two  solutions  is  added, 
BO  as  to  cause  an  increase  or  diminution  in  the  quantity  of 
nitrate  of  potash  contained  in  the  solution,  equal  to  one  or 
more  tenths  percent,  until  the  bubble  attains  the  surface  of  the 
solution.  The  percentage  quantity  of  nitre  in  the  gunpowder 
is  now  ascertained  by  adding  to,  or  deducting  from,  y6,  the 
amount  of  diminution  or  increase  in  the  strength  of  the  solu- 
tion effected  by  the  addition  of  the  test  fluid. 

Separation  of  the  Sulphur  Jrom  the  Charcoal, —  For  this  pur- 
pose Marchand  adopts  Wohler's  method,  which  is  as  follows : 
— A  weighed  quantity  (about  20  grains  of  the  dried  mixture  of 
sulphur  and  charcoal)  is  introduced  into  a  bulb  blown  out  about 
2  inches  from  the  extremity  of  a  tube  of  hard  glass,  about  8 
inches  in  length.  An  asbestos  plug  is  thrust  into  tbe  longer 
part  of  the  tube  to  within  half  an  inch  or  so  of  the  bulb,  and 
the  remainder  of  the  tube  is  then  filled  with  metallic  copper ; 
the  tube  is  then  weighed,  a  current  of  dried  carbonic  acid  gas 
is  passed  through  the  tube,  and  the  part  containing  the  copper 
having  been  raised  to  a  full  red-heat,  the  sulphur  is  distilled 
through  it ;  the  sulphur  vapours  combine  with,  and  are  retained 
by,  the  copper ;  when  the  operation  is  over,  the  tube  is  allowed 
to  cool,  it  is  cut  ofl' between  the  asbestos  plug  and  the  bulb,  and 
the  latter  containing  the  carbon  is  rapidly  weighed ;  the  loss  of 
weight  expresses  the  amount  of  sulphur.  The  heat  which  must 
be  applied  to  remove  the  whole  of  the  sulphur  from  the  char- 
coal is,  in  general,  greater  than  that  at  which  the  charcoal 
had  been  prepared,  and  there  is  observed  during  the  expul- 
sion of  the  sulphur  a  strong  odour  of  humic  acid ;  carbonic 
acid,  carbonic  oxide,  and  water  are  also  expelled.  Instead  of 
distilling  the  sulphur  from  the  charcoal,  it  may  be  removed  by 
solvents.  Marchand  employs  for  this  purpose  sulphide  ofcarhon. 
Afler  exhausting  the  gunpowder  with  water,  which  he  effects  in 
a  displacement  apparatus  of  the  form  of  an  ordinary  chloride  of 
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calcium  tube,  from  7  to  8  inches  long,  the  bulb  being  stopped 
with  asbestos,  he  treats  it  with  absolute  alcohol,  which  displaces 
the  water,  upon  which  sulphide  of  carbon,  which  has  been  recti- 
fied over  oxide  of  lead,i8  poured  over  it  until  what  passes  through, 
leaves  no  sulphur  on  evaporation  ;  the  powder  is  then  finallj 
treated  with  alcohol.  It  is  still  better  to  use  the  sulphide  of 
carbon  mixed  with  absolute  alcohol.  As  soon  as  the  charcoal 
is  washed,  a  current  of  dry  air  is  drawn  through  the  tube  by 
means  of  an  aspirator,  the  tube  itself  being  confined  in  an  air 
bath  at  248°.  The  dry  charcoal  is  weighed  accurately  in  the 
tube. 

The  sand,  etc.,  contained  in  the  powder  may  be  determined 
with  tolerable  accuracy  by  trituration  and  suspension. 

197.  Oxalic  Acid. 

The  quantitative  estimation  of  this  acid  may  be  effected  by 
precipitating  it  from  its  solutions  in  the  form  of  oxalate  of  lime, 
and  determining  the  latter  as  carbonate  or  sulphate  ;  or  by  as- 
certaining the  amount  of  carbonic  acid  yielded  by  its  decom- 
position. 

Quantitative  Estimatian  of  Oxalic  Acid  by  precipitation. — 
.  The  acid,  if  in  a  free  state,  is  neutralized  as  exactly  as  possible 
with  ammonia,  diluted  with  water,  and  chloride  of  calcium 
mixed  with  acetate  of  soda  added ;  the  precipitated  oxalate  is 
well  washed,  dried,  and  ignited,  with  the  precautions  prescribed 
page  279,  by  which  it  is  converted  into  carbonate ;  and  the  quan- 
tity of  oxalic  acid  is  calculated  from  the  weight  of  the  latter, 
every  equivalent  of  oxalic  acid  yielding  two  of  carbonic  acid, 
thus : — 

0303  +  0  =  2002. 

There  are  two  ways  of  estimating  the  amount  of  carbonic 
acid  yielded  by  the  decomposition  of  oxalic  acid  ;  one  is  by 
burning  it  with  oxide  of  copper,  according  to  the  ordinary  me- 
thod of  organic  analysis ;  and  the  other,  which  is  by  far  the 
most  convenient  and  expeditious,  is  by  neutralizing  it  with  am- 
monia, and  bringing  it  into  contact  with  peroxide  of  manga- 
nese and  sulphuric  acid,  in  the  manner  fiilly  described,  under 
the  head  of  Makg  anese,  page  838.  9  parts  of  oxalic  acid  require 
theoretically  11  parts  of  manganese,  but  an  excess  of  the  latter 
does  no  harm.  Both  of  these  latter  methods  are  applicable  ta 
the  determination  of  oxalic  acid  in  the  oxalates.  When  the 
oxalate  is  soluble  in  water,  the  amount  of  oxalic  acid  may  be 
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determined  by  precipitation,  as  carbonate  of  lime,  and  the  base 
or  bases  with  which  it  was  combined,  deteriiiined  in  the  filtrate 
by  appropriate  methods.  Many  of  the  insoluble  oxalates  may 
be  analysed  by  simple  ignition,  the  bases  being  left  either  as 
pure  metals,  or  as  oxides,  or  as  carbonates.  Oxalates,  the  bases 
of  which  are  precipitated  by  carbonate  of  potassa,  may  be  decom- 
posed by  boiling  for  some  time  with  that  alkali ;  oxalic  acid  is 
thus  brought  into  a  soluble  state,  in  the  form  of  oxalate  of 
potassa,  and  may  be  precipitated  by  a  neutral  solution  of  lime. 

Oxalic  acid," as  met  with  in  commerce,  frequently  contains 
tartaric  acid  and  sulphate  of  potassa.  The  former  is  detected  by 
digesting  a  portion  of  the  acid  in  a  test  tube  with  concentrated 
sulphuric  ncid  ;  it  should  remain  colourless ;  but  if  tartaric  acid 
be  present,  it  turns  black,  that  acid  being  decomposed.  The 
presence  of  sulphate  of  potassa  is  indicated  by  a  precipitate  in- 
soluble in  nitric  acid,  produced  on  adding  to  a  solution  of  the 
suspected  acid  a  few  drops  of  chloride  of  barium. 

CHLORINE. 

198.  Hydeociilobic  Acid. 

The  quantitative  determination  of  this  acid  is  generally  ef- 
fected by  precipitating  its  chlorine  in  the  form  of  chloride  of 
silver ;  for  the  composition  of  this  salt,  aiid  for  the  precautions 
to  be  observed  in  its  precipitation,  the  student  is  referred  to 
section  174.  If  hydrochloric  acid  alone  be  present  in  aqueous 
solution,  it  may  be  estimated  in  the  form  of  sal-ammoniac,  by 
adding  ammonia  in  excess,  evaporating  the  solution  to  dryness, 
and  performing  the  exsiccation  of  the  residue  on  the  water- 
bath. 

Soluble  chlorides  are  analvsed  by  first  precipitating  the 
chlorine  by  nitrate  of  silver,  and  then,  after  removing  the  ex- 
cess of  the  silver  salt  from  the  filtrate  by  hydrochloric  acid,  esti- 
mating the  amount  of  base  or  bases  by  the  ordinary  processes. 

The  analysis  of  the  compounds  of  chlorine  with  tin  and  anti*- 
tnony,  is  performed  in  a  somewhat  difierent  manner.  If  a  solu- 
tion of  nitrate  of  silver  were  added  to  a  solution  of  perchloride 
of  tm,  there  would  be  precipitated,  besides  chloride  of  silver, 
a  compound  of  peroxide  of  tin  with  oxide  of  silver,  which 
would  vitiate  the  result.  It  is  necessary,  therefore,  to  remove 
the  base  from  the  solution  before  attempting  to  precipitate  the 
electro-negative  element;  this  is  done  by  passing  through  the 
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solution,  contained  in  a  flask  which  can  be  corked,  a  stream  of 
sulphuretted  hydrogen,  and,  when  it  is  saturated,  allowing  it  to 
repose  for  a  considerable  time  ;  the  sulphide  of  tin  is  filtered 
off  as  soon  as  it  has  completelv  subsided,  and  the  excess  of  sul- 
phuretted hydrogen  removed  from  the  filtrate  by  mixing  it  with 
a  solution  of  sulphate  of  copper; — this  is  indispensable;  other- 
wise, on  the  addition  of  nitrate  of  silver,  a  precipitate  both  of 
chloride  and  of  sulphide  of  silver  would  take  place.  The  ex- 
cess of  sulphuretted  hydrogen  being  removed,  the  solution  is 
precipitated  bv  nitrate  of  silver  in  the  usual  manner.  In  the 
case  of  chloride  of  antimony,  it  is  unnecessary  to  remove  the 
base  previous  to  determining  the  chlorine  ;  but  the  precaution 
must  be  taken  of  mixing  the  solution  with  a  sufficient  quantity 
of  tartaric  acid  to  prevent  the  formation  and  precipitation  of 
a  basic  salt. 

Such  chlorides  as  are  insoluble,  or  only  sparingly  soluble  in 
water,  but  soluble  in  nitric  acid,  are  dissolved  in  the  latter,  the 
solution  diluted  with  water,  and  precipitated  by  nitrate  of  silver 
in  the  usual  manner. 

Analysis  of  Chlorides  insoluble  in  Water  and  in  Nitric  Acid, 
— This  maybe  performed  in  three  ways: — 1st,  by  reducing 
them  to  the  metallic  state  by  ignition  in  a  stream  of  dry  hydro- 
gen gas :  2nd,  by  fusion  with  alkalies  ;  and  3rd,  by  digestion 
with  caustic  potassa. 

(1.)  Bif  reduction. — The  apparatus,  Fig.  71,  p.  303,  may  be 
employed.  The  chloride  to  be  analysed  (chloride  of  lead  for 
instance)  is  accurately  weighed  in  the  little  bulb  J,  a  stream  of 
dry  hydrogen  gas  from  the  bottle  a  is  conducted  over  it,  and  the 
bulb  is  then  heated  to  redness  by  means  of  a  spirit  lamp,  the 
heat  required  being  somewhat  greater  than  in  the  reduction  of 
oxides.  When  hydrochloric  acid  gas  ceases  to  be  disengaged, 
which  is  known  by  fumes  ceasing  to  be  produced  when  a  feather 
or  glass  rod  moistened  with  ammonia  is  held  near  the  aperture 
of  the  tube,  the  bulb  is  allowed  to  cool  and  again  weighed; 
the  loss  of  course  indicates  the  amount  of  chlorine. 

(2.)  By  fusion  with  Alkalies. — The  chloride  to  be  analysed 
(chloride  of  silver  for  instance)  is  mixed  in  a  porcelain  cruci- 
ble with  three  parts  of  a  mixture  of  carbonates  of  potassa  and 
soda,  and  heated  till  the  mass  enters  into  fusion  and  efferves* 
cence  ceases  ;  it  is  then  allowed  to  cool,  and  the  mass  treated 
with  water.  The  silver  remains  undissolved  in  a  state  of  very 
fine  division.     It  is  filtered,  washed,  ignited,  and  weighed.  The 
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chlorine  in  the  filtrate,  representing  that  in  the  compound  ana- 
lysed, is  determined  as  chloride  of  silver.  Gmeliu  recommends 
the  following  process  for  decomposing;  chloride  of  silver :— a  cru- 
cible is  filled  almost  to  the  top  with  an  intimate  mixture  of 
three  parts  of  the  chloride  and  seven  of  colophony  ;  then  ex- 
posed to  a  gentle  heat,  when  the  resin  barns  with  a  green 
flame,  owing  to  the  hydrochloric  acid  generated  from  the  chlo- 
rine of  the  chloride  and  the  hydrogen  of  the  resin  ;  a  stronger 
heat  is  then  given  to  fuse  the  silver,  a  little  borax  is  added,  and 
the  crucible  tapped  gently  once  or  twice  to  facilitate  the  union 
of  the  silver.     This  process  was  first  proposed  by  Mohr. 

(3.)  Bf/ digestion  toith  GstM^ic  Po/oMa.— This  method  is  par- 
ticularly applicable  to  the  analysis  of  suhehloride  of  mercury. 
The  solution  filtered  from  the  metallic  suboxide  is  acidulated 
with  nitric  acid,  and  precipitated  with  nitrate  of  silver.  The 
suboxide  of  mercury  may  be  dissolved  in  aqua-regia,  and  deter- 
mined by  oue  of  the  methods  described  in  section  175 ;  or  a 
fresh  portion  of  the  subchloride  may  be  taken  and  treated  with 
hydrochloric  acid  and  protochloride  of  tin,  as  directed  p.  369. 

Chloride  of  silver  may  be  decomposed  by  digestion  with 
caustic  potassa ;  a  useful  method  of  preparing  pure  oxide  of  silver 
by  this  decomposition  was  proposed  by  Dr.  Gregory  (Proc. 
'Chem.  Soc.  vol.  i.).  The  moist  chloride  is  mixed  with  a  suffi- 
cient quantity  of  caustic  potassa,  sp.  gr.  1*25,  and  boiled  for 
about  ten  minutes,  or  until  the  chloride  has  become  converted 
into  a  jet-black  powder.  If  any  white  specks  be  observed,  the 
mixture  must  be  rubbed  in  a  mortar,  and  again  boiled.  When 
the  decomposition  appears  complete,  the  oxide  is  to  be  carefully 
washed  by  decantation  with  hot  water  until  all  the  saline  matter 
has  been  removed ;  it  is  thus  obtained  as  a  heavy  black  powder. 
It  is  worthy  of  remark,  that  if  the  chloride  of  silver  has  once 
been  dried,  it  is  only  decomposed  by  boiling  for  a  long  time 
with  caustic  potassa,  and  then  with  great  difficulty.  According 
to  Dr.  Meurer,  the  above  process  does  not  succeed  when  the 
experiment  is  made  on  several  ounces. 

Level  modifies  the  process  thus : — he  places  the  chloride  in*  a 
solution  of  caustic  potassa,  in  which  some  sugar  is  dissolved, 
and  then  boils.  The  silver  is  quickly  reduced  by  the  sugar, 
carbonic  acid  being  evolved,  and  is  brought  to  the  state  of  fine 
powder,  which  is  easily  washed. 

The  amount  of  chlorine  in  many  metallic  chlorides  may  be 
determined  indirectly  by  converting  them  into  sulphates,  for 
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which  purpose  the  compound  is  treated  with  concentrated  sul- 
phuric acid,  and  heated  till  all  the  hydrochloric  acid  gas  and 
the  excess  of  sulphuric  acid  are  expelled ;  the  amount  of  chlorine 
is  inferred  from  the  loss  of  weight. 

Vohtmetrio  determination  of  Chlorine  in  its  combinations. — 
As  a  solution  of  chloride  of  sodium  of  known  strength  may 
be  used  to  estimate  the  amount  of  silver  in  a  fluid,  so  by 
adding  to  a  liquid  containing  hydrochloric  acid,  or  a  combi- 
nation of  chlorine  with  a  metal,  a  solution  of  silver  of  known 
strength,  the  amount  of  hydrochloric  acid  or  chlorine  may 
be  ascertained.  In  order  to  indicate  with  greater  precision 
•the  exact  point  of  complete  precipitation.  Level  employed 
phosphate  of  soda^  which  in  a  neutral  liquid  indicates  the 
presence  of  an  excess  of  silver  by  the  production  of  a  yellow 

Erecipitate.  Mohr  (Liebig's  'Annalen,'  xcvii.)  found  that 
y  this  means  the  results  are  always  too  high,  in  consequence 
of  the  very  light  colour  of  the  phosphate  of  silver,  which  re- 
quires to  be  present  in  consideraole  quantity  to  become  visible 
in  the  presence  of  chloride  of  silver.  Arsenate  of  soda  gave 
better  results,  but  with  chromate  of  potassa  results  of  very 
great  accuracy  are  attainable.  If  a  drop  of  silver  solution  be  pre- 
sent above  the  quantity  of  the  chloride,  the  blood-red  colour 
of  chromate  of  silver  makes  its  appearance  distinctly.  If  0*2* 
cubic  centimetre  too  much  of  the  silver  solution  be  added,  the 
mixture  is  distinctly  red.  The  solution  must  not  be  acid,  as 
then  chromate  of  silver  is  not  formed,  or  only  in  very  small 
quantities ;  moreover,  bichromate  of  potassa  has  a  rather  red 
colour.  A  slight  excess  of  pure  carbonate  of  potassa,  on  the 
contrary,  is  not  injurious,  because  then  only  the  pale  yellow 
colour  of  chromate  of  potassa  can  be  exhibited.  The  standard 
solution  of  silver  is  made  by  dissolving  108  grains  of  the  pure 
metal  in  pure  nitric  acid,  evaporating  the  solution  to  perfect 
dryness  on  the  water-bath,  and  redissolving  the  residue  in 
10,000  grain  measures  of  distilled  water.  The  standard  solu- 
tion of  chloride  of  sodium  is  made  by  dissolving  58'5  grains  of 
the  pure  salt  in  10,000  of  distilled  water.  If  both  solutions 
have  been  properly  prepared,  they  will  correspond  with  each 
other,  drop  for  drop ;  this,  however,  must  be  tested  by  mixing 
together  equal  volumes  of  the  two  solutions,  shaking  the  mix- 
ture, applying  heat,  and  then  allowing  the  precipitate  to  sub- 
side, the  supernatant  liquid  is  decanted,  and  to  one  portion  of 
the  clear  liquid  a  drop  of  nitrate  of  silver  is  added,  and  to  an- 
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other  a  drop  of  solution  of  chloride  of  sodium.  Both  solutions 
ihould  remain  clear;  should  however  a  cloudiness  be  produced 

in  the  portion  to  which  chloride  of  sodium  has  been  added,  it 
indicates  that  a  small  loss  has  occurred  in  the  evaporation  of  the 
silver  solution,  and  its  correct  strength  must  be  ascertained  by 
repeated  eiperimenta ;  the  proportion  found  forma  the  basis  of 
the  calculations  in  the  determinations  of  chlorine  by  the  so- 
lution. Mohr  found  by  repeated  experiments  that  the  excess 
of  the  silver  solution  required  to  produce  a  distinct  red  colour 
was  exactly  A  cubic  centimetre,  this  quantity  must  therefore 
be  subtracted  from  the  quantity  of.the  silver  solution  employed. 
Alkaline  chlorides  may  be  determined  with  great  accuracy  by 
this  metliod,  which  may  be  employed  with  concordant  reeulta 
with  vriru,  loell  water,  saltpetre,  potathes,  etc. 

Quantitative  ettimoHon  of  free  Chlorine. — I.  Since  chlorine 
gas  is  absorbed  both  by  water  and  mercury,  it  cannot  be  estima- 
ted by  the  ordinary  methods  of  measuricig  gases  without  very 
great  difSculty.  The  determination  of  the  gas  may  be  effected 
by  leading  it  into  ammonia,  a  portion  of  which  it  decomposes, 
chloride  of  ammonium  being  formed,  and  nitrogen  gas  set  free. 
The  operation  is  conducted  aa  follows ; — the  substance  from 
which  the  gas  is  to  be  liberated,  is  introduced  into  the  flask  a. 


e  provided  with  a  well-fitting  cork,  through 
e  inserted,  one  of  which,  b,  communicates 
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with  a  Wolfe^s  bottle,  B^  containing  a  sufficient  quantity  of 
ammonia  to  absorb  all  tbe  chlorine  that  can  be  evolved ;  the 
other  tube,  a,  is  a  safety-tube,  and  is  surmounted  by  a  funnel, 
through  which  any  required  liquid  may  be  poured  into  the 
flask.  The  Wolfe's  bottle,  b,  is  connected  with  a  second  bottle, 
0,  also  containing  ammonia,  further  to  prevent  the  possibility 
of  any  chlorine  escaping  absorption.  This  second  bottle  is  pro- 
vided with  a  long  tube,  surmounted  by  a  funnel,  in  which,  du- 
ring the  operation,  there  is  placed  some  cotton  moistened  with 
ammonia.  Heat  is  applied  to  the  flnsk  a.,  and  when  the  disen- 
gagement of  chlorine  has  ceased,  all  the  gas  with  which  the  flask 
is  filled,  as  weU  as  that  in  the  connecting  tubes,  is  expelled,  and 
conducted  into  the  ammonia,  by  pouring  through  the  funnel  of 
the  safety-tube  (which  during  the  experiment  is  filled  with  a 
strong  solution  of  common  salt)  a  concentrated  solution  of 
bicarbonate  of  potassa  until  it  ia  filled.  The  extremity  of  the 
tubes  leading  from  the  flask  to  the  first  Wolfe's  bottle,  and 
from  the  first  Wolfe's  bottle  to  the  second,  must  not  quite  reach 
the  surface  of  the  ammonia,  to  avoid  the  danger  of  a  sudden 
absorption,  and  the  consequent  rushing  of  the  ammonia  into 
the  evolution  flask.  The  operation  being  ended,  the  ammonia 
and  the  moistened  cotton  are  transferred  to  a  benker,  acidulated 
with  nitric  acid,  and  the  amount  of  chlorine  condensed,  deter- 
mined by  nitrate  of  silver.  The  disengagement  of  the  chlo- 
rine throughout  the  experiment  must  be  very  slow,  otherwise  a 
complete  decomposition  of  the  ammonia  might  not  take  place, 
and  a  pdlrtion  of  chlorine  may  be  liberated  in  company  with  the 
nitrogen.  If  the  chlorine  be  in  aqueous  solution,  it  may  be  de- 
termined by  the  same  decomposition,  for  which  purpose  it  is 
only  necessary  to  add  excess  of  ammonia,  and  then  to  proceed 
with  the  solution  in  the  usual  manner.  According  to  Buchner, 
the  amount  of  chlorine  in  chlorine  water  may  be  determined  by 
agitating  it  with  a  weighed  amount  of  metallic  mercury,  taking 
care  to  use  such  an  excess,  that  a  portion  of  the  fluid  metal 
separates  in  the  free  state,  in  order  that  the  whole  of  the  chlorine 
shall  be  in  the  form  of  the  insoluble  subchloride ;  the  quantity 
of  chlorine  is  found  by  collecting,  drying,  and  weighing  the 
calomel  and  unaltered  mercury,  and  comparing  the  weight  with 
that  of  tbe  metal  when  introduced  into  the  solution.  The 
same  method  may  be  employed  to  test  a  solution  of  chlorine 
for  hydrochloric  acid,  the  chlorine  being  so  entirely  removed 
that  the  presence  of  hydrochloric  acid  may  be  ascertained  by 
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the  acid  reaction  of  the  liquid,  and  its  amount  determined  in 
the  usual  manner. 

II.  Chlorine  may  also  be  determined  by  the  use  of  what  is 
called  the  residual  method.  The  liquid  containing  it  is  mixed  with 
a  solution  containing  excess  of  iodide  of  potassium,  and  as  soon 
as  the  chlorine  has  been  completely  absorbed,  hyposulphite  of 
soda  is  added  from  the  burette  until  the  brown  colour  arising  from 
free  iodine  has  entirely  disappeared.  Solution  of  starch  paste 
is  then  added,  and  the  analysis  completed  by  the  addition  of  the 
solution  of  iodine  until  the  blue  colour  appears.  If,  then,  we 
note  the  amount  of  iodine  requisite  to  produce  this  reaction, 
by  calculating  the  equivalent  quantity  of  hyposulphite  of  soda, 
and  subtracting  it  from  the  total  amount  originally  employed, 
we  find  by  the  difference,  the  quantity  of  hyposulphite  of  soda 
required  to  saturate  the  amount  of  chlorine  in  the  solution. 
(Scott,  'Handbook  of  Volumetric  Analysis.')     (See  Iodine.) 

III.  Fisani's  method  (*Compte8  Eendus,'  Feb.  16th,  1857). — 
After  the  chloride  to  be  analysed  has  been  slightly  acidified  by 
pure  nitric  acid,  a  known  quantity  of  silver  is  added  to  it  from  a 
normal  solution  of  nitrate  of  silver :  this  should  be  in  slight 
excess.  It  is  then  filtered  to  separate  the  chloride  of  silver, 
which  is  carefully  washed,  the  excess  of  silver  is  determined  in 
the  filtrate,  and  the  difi*erence  gives  that  which  is  combined 
with  the  chlorine,  and  consequently  the  chlorine  itself.  The 
determination  of  the  silver  is  efl^ected  by  means  of  iodide  of 
starch,  which  allows  the  appreciation  of  a  very  minute  excess  of 
silver  employed.  The  standard  solution  of  iodide  of  starch  is 
made  by  preparing  a  solution  of  it  in  wat.er,  and  ascertaining  its 
strength  by  its  action  on  a  solution  of  neutral  nitrate  of  silver ; 
upon  adding  the  iodide,  the  fluid  acquires  a  yellow  colour  owing 
to  the  formation  of  iodide  of  silver;  the  pioment  the  reaction 
is  complete,  the  fluid  becomes  bluish-green.  A  small  quantity 
of  pure  precipitated  carbonate  of  lime  previously  added,  not 
only  neutralizes  any  free  acid,  but  enables  the  operator  to  hit 
off  with  greater  exactness  the  precise  time  when  the  reaction  is 
complete. 

CHLOEIMETET,   OE    DETEEMINATIOK   OF   THE    VALTXE  OF 

CHLOEinE   OF   LIME. 

(1.)  Modification  of  the  method  of  Oay-Lussac-r-ThiQ  is 
founded  on  the  conversion  of  calomel  into  chloride  of  mercury 
by  the  chlorine  set  free  from  the  bleaching-powder.     A  fluid  is 
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prepared,  holding  in  suspenBion  a  known  quantity  of  eubchloride 
of  mercury,  into  thia,  a  measured  quantity  of  the  solution  of 
chh)ride  of  lime  to  be  tested  is  poured,  until  the  liquid  becomes 
perfectly  clear ;  the  quantity  oi  chlorine  consumed,  and  conse- 
quently the  value  of  the  bleaching  powder,  is  calculated  from 
the  number  of  divisions  of  the  burette  which  have  been  required 
to  render  the  turbid  mixture  clear. 

Preparation  of  the  standard  Mercurial  Test  Liquor, — It  is 
based  on  the  following  considerations : — 

Every  236'5  grains  of  subchloride  of  mercury  require  35*5 
grains  of  chlorine  to  convert  them  into  chloride ;  ever}'  58'5 
grains  of  common  salt  (which  is  the  chloride  most  convenient 
for  the  purpose)  contain  85*5  grains  of  chlorine,  or  1(>4'7  grains 
contain  100  grains  of  chlorine. 

Let  50  measures  of  a  solution  of  a  subsalt  of  mercury,  the 
subnitrate,  for  example,  be  introduced  into  the  graduated 
burette,  and  then  poured  off  into  a  beaker,  and  diluted  with 
4  or  5  ounces  of  water,  then  let  82'4i  grains  of  common  salk 
be  dissolved  in  water  and  introduced  into  the  burette,  so  as 
to  exactly  fill  100  measures.  Let  this  solution  be  poured  gra- 
dually into  the  solution  of  the  subnitrate,  (which  during  the 
time  should  be  kept  warm  by  immersion  in  a  basin  of  hot  water.) 
until  the  last  drop  added  no  longer  produces  a  precipitate.  Let 
us  suppose  that  20  measures  have  been  required ;  now,  as  100 
measures  of  the  saline  solution  contain  82*4  grains  of  chloride 
of  sodium  =  50  grains  of  chlorine,  the  20  measures  must  con- 
tain 1648  grains  =  10  of  chlorine.  We  consequently  arrive 
at  the  conclusion  that  50  measures  of  the  subnitrate  of  mercury 
require  10  grains  of  chlorine  to  convert  the  salt  into  subchloride, 
and  if  the  50  measures  are  increased  to  100  by  dilution  with 
water  a  solution  is  obtained,  every  10  divisions  of  which  are 
equivalent  to  1  grain  of  chlorine,  and  every  single  division  of 
which  represents  y\j^th  of  a  grain ;  any  quantity  of  the  test  liquor 
may  thus  be  easily  prepared. 

Method  of  testing  the  Bleaching  Fowder, — 100  grains  of  the 
specimen,  selected  from  different  parts  of  the  sample,  and  well 
mixed  together,  are  rubbed  in  a  mortar  with  a  little  water,  more 
water  is  gradually  added,  the  mixture  stirred,  and  the  heavier 
particles  allowed  to  subside;  the  milky  fluid  is  then  poured  off, 
and  the  precipitate  again  agitated  with  water,  allowed  to  stand, 
and  the  supernatant  fluid  poured  off,  mixed  with  the  first,  and 
transferred  to  a  tube  graduated  into  200  equal  parts,  each  part 
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corresponding;  with  a  division  of  the  burette ;  the  mortar  is 
rinsed  out  with  a  little  more  water,  the  washings  transferred 
to  the  f^raduated  tube,  the  whole  well  agitated,  and  the  mark 
at  which  the  solution  stands  in  the  tube  is  accurately  noted. 
Suppose  the  whole  to  occupy  150  measures.  The  burette  is 
now  filled  to  100  with  the  mixture.  Next,  100  measures  of  the 
standard  subnitrate  of  mercury  are  poured  into  a  beaker  and 
diluted  with  water,  excess  of  common  salt  is  added  to  the  solu- 
tion, which  is  then  acidified  with  pure  hydrochloric  acid.  The 
well-agitated  solution  of  chloride  of  lime  is  then  dropped  gradu- 
ally into  the  newly-formed  calomel  in  the  beaker,  until  it  is 
perfectly  clear,  by  which  it  is  known  that  the  whole  of  the  calo- 
mel has  been  converted  into  corrosive  sublimate.  It  must  be 
constantly  stirred  while  the  bleaching  solution  is  being  added, 
and  it  is  essential  that  it  should  remain  acid  during  the  whole 
time.  Now,  from  what  has  been  explained  above,  it  is  evident 
that  the  number  of  divisions  of  the  bleaching  solution  that  have 
been  consumed  in  rendering  the  turbid  mercurial  salt  clear, 
must  correspond  with  10  grains  of  chlorine.  Suppose  65  measures 
were  required,  then  the  value  of  the  specimen  is  found  very 
simply  by  the  following  proportion : — 

As  65  :  10  :  :  160  :  ar, 
a  =  23-07  =  the  quantity  of  chlorine  in  100  grains  of  the 
bleaching  powder. 

It  is  evident  that  any  other  proportions  than  those  here  g^ren 
may  be  employed,  both  in  making  the  standard  mercurial  solu- 
tion, and  in  performing  the  analytical  process.  The  above  muat 
be  regarded  as  merely  an  illustration  of  the  principles  of  the 
operation.  This  method  is  found  to  yield  very  accurate  results ; 
tnere  is  perhaps  one  disadvantage  attending  it,  which  is,  that 
the  solution  of  subnitrate  of  mercurv  is  somewhat  liable  to 
change,  and  to  give  rise  to  the  formation  of  an  insoluble  basic 
salt,  which  would,  of  course,  interfere  with  its  accuracy. 

(2.)  Modification  of  Oay-Lussac's  method  by  Arsenious  Acid, — 
When  arsenious  acid,  water,  and  chlorine  are  brought  into  con- 
tact with  each  other,  a  reaction  takes  place,  the  result  bei^ig 
the  formation  of  hydrochloric  and  arsenic  acids,  thus — 
A803+2HOH-2Cl=A805-h2HCl. 

Every  equivalent  (or  99  parts)  of  arsenious  acid  require  two 
equivalents  (or  71  parts)  of  chlorine ;  consequently  100  parts 
of  chlorine  are  required  to  convert  139*45  parts  of  arsenious 
acid  into  arsenic  acid.     A  standard  solution  of  arsenious  acid 
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is  prepared  by  dissolving  139 '45  grains  of  the  pure  acid  in  a 
solution  of  potassa,  diluting  the  solution,  and  then  adding 
hydrochloric  acid  in  considerably  excess;  the  volume  of  the 
solution  is  then  brought  to  10,000  grain  measures,  and  the 
whole  well  mixed ;  every  100  grain  measures  of  the  solution 
thus  prepared,  contain  l'89o  grains  of  arsenious  acid=l  grain 
of  chlorine.  "When  the  chlorimetric  assay  is  about  to  be  made, 
50  grains  of  the  bleaching  powder  are  prepared  in  the  manner 
already  described,  and  the  burette  is  filled  to  the  100th  division 
with  the  solution ;  1000  grain  measures  of  the  arsenious  acid 
are  then  placed  in  a  beaker,  diluted  with  water,  and  coloured 
blue  by  the  addition  of  a  few  drops  of  solution  of  indigo. 
The  bleaching  liquid  is  then  gradually  and  carefully  dropped 
into  the  arsenical  solution,  which  is  all  the  time  well  stirred 
until  the  blue  tinge  is  entirely  destroyed.  This  shows  that 
the  conversion  of  the  arsenious  acid  into  arsenic  acid  is  com- 
plete, and  consequently  that  10  grains  of  chlorine  have  been 
consumed,  and  as  before,  the  value  of  the  bleaching  powder  is 
ascertained  by  the  rule  of  simple  proportion  :  thus,  supposing 
90  measures  have  been  consumed,  then — 

As  90  :  10  : :  100  :  w, 
:r=  1111  =  the  quantity  of  chlorine  in  50  grains  of  the  bleach- 
ing powder,  or  22*22  per  cent.;  or  still  more  simply,  as  each  mea- 
sure of  the  burette  corresponds  with  half  a  grain  of  bleaching 
powder,  and  as  the  number  of  measures  consumed  contain  10 
grains  of  chlorine,  we  find  at  once  the  percentage  amount  of 
chlorine,  by  dividing  2000  by  the  number  of  measures  required ; 

thus:-  2000^22-22 

90 

(3.)  Otto's  method  by  Protosulphate  of  Iron. — When  proto- 
sulphate  of  iron,  water,  chlorine,  and  free  sulphuric  acid  are 
brought  into  contact,  a  reaction  takes  place,  resulting  in  the 
formation  of  hydrochloric  acid  and  persulphate  of  iron  ;  thus : — 

2(FeO,SOs)  +  HO,S08  +  Cl=(Fe808,3S08)i-HCl. 
every  two  equivalents,  or  152  parts  of  anhydrous,  or  278  parts 
of  crystallized  protosulphate  of  iron,  require  one  equivalent, 
or  35*5  parts  of  chlorine ;  100  grains  of  chlorine  are  therefore 
required  to  convert  783" I  grains  of  crystallized  protosulphate 
of  iron  into  persulphate.  To  prepare  the  iron  salt  for  these 
experiments,  Fresenius  directs  that  iron  nails  free  from  rust  - 
be  dissolved  in  dilute  sulphuric  acid,  finally  with  the  applica- 
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tion  of  heat ;  tbe  solution  is  filtered  while  still  warm,  into 
about  twice  its  volume  of  spirits  of  wine ;  the  precipitate 
which  is  produced  consists  of  protosulphate  of  iron  with  seven 
equivalents  of  water.  It  is  collected  on  a  filter,  edulcorated 
with  spirits  of  wine,  spread  upon  a  sheet  of  blotting-paper,  and 
allowed  to  dry  in  the  air  until  it  has  coropletelv  lost  the  smell 
of  spirits  of  wine :  the  dry  salt  must  be  kept  in  a  well-closed 
bottle.  To  perform  the  chlorimetric  assay,  7S*3  grains  of  the 
protosulphate  are  dissolved  in  about  two  ounces  of  water,  and 
the  solution  strongly  acidulated  with  sulphuric  acid ;  50  grains 
of  the  bleachiug-powder  are  then  prepared  as  before  directed, 
and  the  burette  filled  with  the  solution,  which,  after  being  well 
agitated,  is  added  drop  by  drop  to  the  solution  of  the  iron  salt 
until  complete  peroxiaation  has  taken  place ;  this  is  known  by 
solution  of  red  prussiate  of  potassa  no  longer  striking  a  blue 
precipitate.  The  best  way  of  testing  the  solution  from  time 
tq  time,  is  to  cover  a  large  white  plate  with  drops  of  the  red 
precipitate,  and,  as  the  operation  draws  towards  an  end,  to  con- 
vey a  minute  drop  from  the  solution,  at  the  end  of  a  small 
stirring-rod,  to  one  of  the  drops  ;  the  process  is  complete  when 
Prussian  blue  ceases  to  be  formed,  a  green  colour  being  pro- 
duced in  its  stead.  The  number  of  divisions  of  the  burette 
which  have  been  consumed  is  now  noted ;  this  corresponds  with 
10  grains  of  chlorine,  that  being  the  quantity  required  for  the 
peroxidation  of  78'3  grains  of  crystallized  protosulphate  of 
iron.  The  calculation  is  precisely  the  same  as  in  the  last 
method. 

(4.)  By  Yellow  Prussiate  of  Potash, — When  ferrocyanide  of 
potassium  is  brought  into  contact  with  free  chlorine,  a  reaction 
takes  place,  resulting  in  the  production  o{  ferricyanide  of  po- 
tassium and  chloride  of  potassium  ;  thus  : — 

2(K2Cfy)  +  Cl=K3Cfy2  +  KCL 
Every  two  equivalents,  or  368  parts  of  anhydrous,  or  422  parts 
of  crystallized  ferrocyanide  of  potassium  require  one  equiva- 
lent, or  35*5  parts  of  chlorine;  100  grains  of  chlorine,  there- 
fore, are  required  to  convert  1188'7  grains  of  crystallized  yellow 
prussiate  of  potassa  into  red  prussiate,  or  118*87  grains  corre- 
spond to  10  grains  of  chlorine.  The  experiment  is  conducted 
in  precisely  the  same  manner  as  before,  and  as  soon  as  the 
whole  of  the  ferrocyanide  is  converted  into  ferricyanide,  the 
mixture  ceases  to  give  prussian  blue  with  a  solution  of  per- 
oxide of  iron. 
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IODINE. 

199.  Hydbiodio  Acid. 

I.  Estimation  as  Iodide  of  Silver. — Iodine  when  present  in 
a  solution  in  the  form  of  hjdriodic  aoid,  and  in  the  absence  of 
bromine  and  chlorine,  is  best  precipitated  in  the  form  of  iodide 
of  silver,  by  solution  of  nitrate  of  silver.  This  salt,  which  when 
newly  precipitated  is  of  a  pale  yellow  colour,  has  many  proper- 
ties in  common  with  the  corresponding  chlorine  and  bromine 
compounds.  Thus,  it  is  insoluble  in  water  and  in  dilute  nitric 
acid,  and  soluble,  though  with  difiQcultv,  in  ammonia.*  Like 
bromide  of  silver,  it  is  decomposed  by  chlorine ;  it  also  blackens 
when  exposed  to  the  light,  and,  when  heated,  it  fuses  into  a 
horny  mass,  without  undergoing  decomposition.  Its  composi- 
tion is — 

One  equivalent  of   I  .     .     .     127     .     .    6404i 
One       ditto       ofAg      .     .     108     .     .     4596 

One      ditto      of  Agl    .     .     235     .     .  10000 

II.  Estimation  as  Protiodide  of  Palladium. — In  the  pre- 
sence of  hydrobromic  and  hydrochloric  acids,  iodine  may  be  very 
accurately  estimated  in  the  form  of  protiodide  of  palladium,  by 
means  of  protochloride  of  palladium.  The  precipitate,  which  is 
of  a  deep  brown-black  colour,  is  allowed  to  settle  for  some 
hours ;  it  is  then  collected  on  a  tared  filter,  dried  at  a  tempera- 
ture below  the  boiling-point  of  water,  or,  what  is  still  better,  in 
vacuo,  over  sulphuric  acid,  and  weighed.     Its  composition  is — 

One  equivalent  of  I       .     .     126*36    .     .    70  34 
One       ditto      of  Pd    .     .       53-27   .     .    2966 

One       ditto      ofPdI.     .     17963    .     .10000 

III.  Estimation  as  Protiodide  of  Copper.  —  Iodide  may 
also  be  estimated  by  the  process  recommended  by  M.  Duflos, 
viz.  by  precipitating  it  in  the  form  of  protiodide  of  copper 
by  a  solution  of  sulphate  of  copper  in  concentrated  sulphu- 
rous acid ;  the  precipitate  may  either  be  collected  on  a  filter, 
washed,  and  determined  as  protiodide  of  copper,  or  it  may 
be  dissolved  in  dilute  nitric  acid,  precipitated  by  nitrate  of 

*  According  to  Wallace  and  Lamont  (Oliem.  Gas.,  vol.  xvii.  p.  140) 
1  part  of  iodide  of  silTer  is  soluble  in  2793  parts  (measure)  of  liquid 
ammonia,  sp.  gr.  '890,  and  1  part  of  chloride  of  silver  in  12*38  parts  of 
the  same  solution. 
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silver,  and  weighed  as  iodide  of  silver.  This  method  is  well 
adapted  to  the  separation  of  iodine  from  chlorine,  in  cases  where 
the  presence  of  chlorine  is  immaterial.  M.  Sarphati  (Ann. 
der  Chem.  und  Pharm.,  xxxix.  p.  254)  recommends  a  solution 
of  chloride  of  copper  in  dilute  hydrochloric  acid  ;  or  a  solution 
composed  of  1  part  of  crystallized  sulphate  of  copper,  and 
IJ  of  crystallized  sulphate  of  iron. 

IT.  PisanVs  method. — Iodine,  in  alkaline  iodides,  may  also 
be  estimated  by  the  following  method,  recommended  by  Pisani 
C  Comptes  K^iidus,'  February  16,  1857): — A  few  drops  of  so- 
luble iodide  of  starch  are  added  to  the  liquid  containing  the 
iodide  to  be  analysed  :  the  quantity  must  be  sufficient  to  give 
it  a  distinct  blue  tint.  A  normal  solution  of  silver  is  then 
dropped  in  until  the  iodide  of  starch  is  decolorized,  which  only 
takes  place  after  the  complete  precipitation  of  all  the  iodine 
contained  in  the  alkaline  iodide.  The  number  of  divisions  em- 
ployed is  then  read  off,  and  the  corresponding  quantity  of  iodine 
calculated. 

Y.  Indirect  method. — Iodine  is  sometimes  determined  by 
the  indirect  method,  viz.  by  converting  the  base  or  bases  with 
which  it  is  combined  into  sulphates,  by  digestion  with  sulphuric 
acid  in  a  porcelain  capsule,  and  calculating  the  quantity  of  iodine 
from  the  loss.  Metallic  iodides,  which  are  insoluble  in  water,  may 
be  decomposed  by  ignition  with  carbonate  of  soda ;  iodide  of 
sodium  is  obtained  on  treating  the  fused  mass  with  water,  from 
which  the  iodine  may  subsequently  be  precipitated  by  nitrate 
of  silver.  The  base  or  bases  are  found  in  the  insoluble  residue, 
either  as  carbonates  or  oxides.  Metallic  iodides  may  also  be 
decomposed  by  boiling  with  caustic  potassa. 

VI.  Estimation  of  free  Iodine, — Iodine  in  a  free  state,  in 
aqueous  solution,  cannot  be  determined  in  the  same  manner 
as  chlorine  and  bromine,  viz.  by  the  decomposition  of  ammonia, 
since  the  contact  of  iodine  with  ammonia  gives  rise  to  the  for- 
mation of  iodide  of  nitrogen,  which  is  not  decomposed  by  excess 
of  ammonia.  In  order  to  estimate  the  iodine  under  these  cir- 
cumstances, it  may  be  dissolved  in  excess  of  caustic  potassa, 
the  solution,  which  must  be  colourless,  treated  with  nitric  acid, 
and  precipitated  by  nitrate  of  silver ;  the  washed  and  dried  pre- 
cipitate is  ignited,  by  which  the  small  quantity  of  iodate  of 
silver  formed,  is  converted  into  iodide. 

Senaration  of  Iodine  from  Chlorine. — Of  all  the  methods 
whicn  have  been  proposed,  none  are  ao  convenient  or  easy  of 
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execution  as  that  of  precipitating  the  iodine  in  the  form  of 
protio4ide  of  palladium  by  protonitrate  of  palladium.  The 
separation  is  complete,  and  the  chlorine  in  the  filtrate  may  be 
precipitated  by  nitrate  of  silver,  after  having  removed  the  ex- 
cess of  palladium  by  sulphuretted  hydrogen,  and  afterwards 
destroying  the  excess  of  the  latter  by  a  solution  of  sulphate  of 
sesiquioxide  of  iron.  It  is  better  however  to  operate  on  two 
different  portions  of  the  solution,  determining  the  iodine  in 
one  by  protochloride  of  palladium,  and  precipitating  the  chlo* 
riue  and  iodine  together  in  the  other  by  nitrate  of  silver ;  from 
the  weight  of  the  precipitate  is  subtracted  that  of  the  iodide  of 
silver  corresponding  with  the  quantity  of  iodide  of  palladium 
found. 

Estimation  of  Iodine  in  Kelp. — The  following  process  has 
been  employed  by  Wallace  and  Lamont  (Chem.  Gaz.,  vol.  xvii. 
p.  137).  It  is  based  upon  two  well-established  facts, — 1.  thao 
when  nitrate  of  silver  is  added  to  a  solution  containing  iodine 
and  chlorine,  the  iodine  is  thrown  down  first ;  and  2.  that 
iodide  of  silver  is  only  sparingly  soluble  in  liquid  ammonia, 
while  chloride  of  silver  is  freely  soluble  in  that  liquid.  5U0 
grains  of  the  pulverized  and  well-mixed  sample  are  boiled  with 
water,  and  the  liquor  and  washings  are  nearly  but  not  quite 
neutralized  with  nitric  acid,  and  evaporated  to  a  small  bulk. 
The  residue  is  then  fused  by  the  application  of  a  stronger  heat, 
and  kept  in  this  condition  for  a  few  minutes,  when  all  the  sul- 
phur compounds  are  converted  into  sulphates  without  danger  of 
decomposing  the  iodide.  The  fused  mass  is  dissolved  in  water, 
the  solution  filtered  (if  necessary),  and  nitrate  of  silver  added  in 
small  successive  portions  with  brisk  agitation,  until  the  preci- 
pitate produced  on  a  further  addition  is  perfectly  colourless ; 
nitric  acid  is  now  added  in  excess,  and  the  mixture  is  well 
washed  by  decantation.  The  last  washing  is  decanted  as  com- 
pletely as  possible,  half  an  ounce  of  the  strongest  liquid  am- 
monia is  added,  aod  the  mixture  vigorously  shaken.  The  di- 
gestion is  continued  for  several  hours,  after  which  the  iodide 
of  silver  is  collected  on  a  small  tared  filter,  and  washed  first 
with  liquid  ammonia,  and  subsequently  with  hot  water,  it  is  then 
dried.  The  weight  of  the  iodide  of  silver  +  •!  grain  (dissolved 
by  the  ammonia)  divided  by  5  and  multiplied  by  '54,  gives  the 
percentage  amount  of  iodine  in  the  sample. 

'  A  method  of  detecting  the  presence  of  iodine  in  waters 
has  been  proposed  by  S.  de  Luca  ('  Comptes  liendus,'  Aug.  1, 
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1859).  It  is  founded  on  the  power  possessed  by  bromme  of 
decomposing  iodides,  and  setting  free  iodine.  The  water  is 
precipitated  by  nitrate  of  silver,  the  precipitate,  washed  and 
dried,  is  placed  at  the  bottom  of  a  glass  tube,  and  on  it  is 
dropped  a  small  glass  bubble  filled  with  vapour  of  bromine. 
The  air  in  the  tube  is  replaced  by  carbonic  acid,  and  the  tube 
is  then  hermetically  sealed.  By  shaking  the  tube  two  or  thfee 
tin)es  the  little  bubble  is  broken,  when  the  vapour  of  bromine 
comes  in  contact  with  the  iodide,  which  it  decomposes,  setting 
free  iodine  in  the  form  of  violet  fumes,  which  coudense  on  the 
cold  part  of  the  tube,  and  may  be  dissolved  out  by  alcohol. 
The  amount  of  iodine  may  be  estimated  by  a  standard  solution 
of  sulphurous  acid,  and  t!ie  hydriodic  acid  may  afterwards  be 
reconverted  into  iodide  of  silver,  and  weighed. 

Another  method  has  been  employed  by  MM.  O.  Henry  and 
Humbert  ('Comptes  Rendus,'  March  23,  1857).  The  precipi- 
tate by  nitrate  of  silver  is  washed  and  dried ;  it  i:»  then  mixed 
intimately  with  cyanide  of  silver,  and  introduced  into  a  tube, 
at  one  end  of  which  it  is  fixed  between  two  plui^s  of  asbestos. 
A  current  of  yery  dry  chlorine  is  then  passed  slowly  over  the 
mixture,  whilst  the  tube  is  slightly  heated.  The  iodine  and 
cyanogen  are  displaced,  combine,  and  condense  in  the  colder 
parts  of  the  tube,  in  the  form  of  a  white  crystalline  ring  of 
iodide  of  cyanogen. 

To  detect  iodine  in  the  presence  of  nitric  acid  Stein  (Polyt. 
Centralbl.,  1858)  employs  tin  as  a  reducing  agent  and  bisul- 
phide of  carbon  as  a  solvent  for  the  iodine.  A  quantity  of  the 
acid  to  be  tested  is  poured  into  a  test  tube,  and  a  rod  of  tin  im- 
mersed in  it  until  red  fumes  are  distinctly  evolved.  The  rod  of 
tin  is  then  taken  out,  and  a  small  quantity  of  sulphide  of  carbon 
added  to  the  liquid,  the  mixture  is  shaken  and  left  quiet  for  a 
few  moments.  The  stratum  of  sulphide  of  carbon  which  usu- 
ally collects  over  the  acid  appears  of  a  red  colour,  unless  the 
amount  of  iodine  be  too  smnll.  With  traces  of  iodine,  the 
colour  is  only  deep  yellow.  In  this  case  however,  it  becomes 
red,  when  the  sulphide  of  carbon  is  drawn  off  and  evaporated 
in  a  small  porcelain  capsule  by  blowing  upon  it. 

It  was  discovered  by  Dupasquier  that  when  iodine  and  sul- 
phurous acid  are  brought  into  contact,  in  the  presence  of  water, 
sulphuric  and  hydriodic  acids  are  formed  thus  : — 

H-HO  +  S02  =  HI  +  S03 
and  on  this  he  founded  a  volumetric  process  for  the  estimation 
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of  iodine.  Bunsen  found  the  results  unsatisfactory  in  conse- 
quence of  a  reverse  action  ^hich  ensues  when  the  sulphurous 
acid  is  present  beyond  a  certain  quantity  thus  : — 

HI  +  SO3  =  1 -h  HO  +  SOj. 
He  ascertained,  however,  that  the  former  reaction  alone  takes 
place  if  the  quantity  of  sulphurous  acid  does  not  exceed  from 
Of)4  to  0  05  per  cent,  of  anhydrous  acid,  and  that  under  these 
circumstances  one  equivalent  of  iodine  converts  one  equivalent 
of  sulphurous  acid  into  sulphuric  acid ;  on  this  he  has  based  a 
volumetric  method  applicable  to  a  great  number  of  analytical 
operations  depending  on  oxidation  and  reduction,  the  oxidizing 
substance  being  iodine.  For  details  of  his  process  we  must  refer 
to  the  authov's  original  memoir  (Annal.  der  Chem.  und  Pbarm. 
86,  26*5),*  or  to  works  specially  devoted  to  volumetric  analysis 
(Scott,  Sutton). 

BROMINE. 

200.  Htdeobbomio  Acid. 

When  present  in  a  solution  in  the  form  of  hydrobromic  acid, 
bromine  is  determined  by  precipitating  it  in  the  form  of  bro- 
mide of  silver,  precisely  in  the  same  manner  as  chlorine.  Like 
the  chloride,  the  bromide  of  silver  is  insoluble  in  water  and  in 
nitric  acid :  it  is  yellowish-white  when  precipitated,  but  it 
changes  colour  when  exposed  to  the  light.  It  is  decomposed 
by  chlorine,  bromine  being  separated.  When  heated,  it  fuses, 
solidifying,  on  cooling,  into  a  yellow  horny  mass.  Its  compo* 
sition  is — 

One  equivalent  of  Br    .     .     .     .     80*0     .     .    42*55 
One       ditto      of  Ag   .     .     .     .  1080    .     .    5745 

One      ditto      of  AgBr  .     .     .  1880    .    .     1000 

The  analysis  of  bromides  may  be  effected  in  the  same  man* 
ner  as  that  of  the  corresponding  chlorides.  The  indirect  me- 
thod  is,  in  many  cases,  the  most  convenient :  a  weighed  quan- 
tity of  the  compound  is  decomposed  by  heating  it  in  a  porce- 
lain capsule,  with  concentrated  sulphuric  acid  ;  the  amount  of 
metal  is  calculated  from  the  weight  of  the  resulting  sulphate, 
and  that  of  the  bromine  from  the  loss  sustained.  The  analysis 
of  those  bromides,  the  bases  of  which  are  capable  of  being  pre- 
cipitated by  sulphuretted  hydrogen,  may  be  performed  by  that 

*  Tranfilaied  in  foil  in  the  Journal  of  the  Chemical  Society,  vol.  viii.p.  219. 
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teagent.    Free  bromiue,  in  aqueous  solution,  is  determined  in 
exactlj  the  same  manner  as  free  chlorine. 

Separation  of  Bromine  from  Chlorine. 

Two  methods  of  performing  this  analysis  are  known,  a  direct 
and  an  indirect  method. 

I.  jyirect  method, — This  is  based  on  the  solubility  of  bro- 
mide of  barium  in  absolute  alcohol,  and  the  insolubility  of 
chloride  of  barium  in  the  same  menstruum.  The  two  substances 
are  precipitated  together  out  of  their  solution,  by  nitrate  of  sil- 
ver ;  the  precipitates,  after  having  been  washed  and  dried,  are 
reduced  by  being  brought  into  contact  with  zino  and  dilute 
sulphuric  acid,  there  are  thus  formed  bromide  and  chloride  of 
zinc,  which  are  dissolved  in  the  acid  liquor ;  on  the  addition  of 
excess  of  baryta  water,  the  zinc  is  precipitated  together  with 
sulphate  of  baryta  in  the  form  of  hydrated  oxide ;  the  filtered 
solution  contains  bromide  and  chloride  of  barium,  it  is  eva- 
porated to  dryness,  and  the  dry  mass  treated  with  absolute 
alcohol,  which,  as  above  stated^  dissolves  only  the  bromitie  of 
barium.  The  bromine  is  separated  from  the  barium  in  the 
alcoholic  solution,  and  the  chlorine  from  the  barium  in  the  so- 
lution obtained  on  treating  the  residual  mass  with  water,  by 
one  of  the  methods  already  given.  This  method  does  not  give 
absolutely  accurate  results. 

It.  Indirect  method. — This  is  based  on  the  decomposition  of 
bromide  of  silver  by  chlorine  gas.  The  bromine  and  chlorine 
are,  as  before,  precipitated  together,  by  a  solution  of  nitrate  of 
silver,  and  the  precipitate  having  been  washed,  dried,  fused,  and 
very  accurately  weighed,  is  introduced  into  a  bulbed  tube  of  hard 
glass,  the  exact  weight  of  which  has  also  been  noted.  The  tube 
is  connected  with  an  apparatus  for  evolving  chlorine,  and  a  cur- 
rent of  that  gas  dried  by  passing  through  chloride  of  calcium, 
is  caused  to  traverse  the  tube,  to  which  heat  is  at  the  same  time 
applied  sufficient  to  keep  the  mixed  silver  salts  in  a  state  of 
fusion.  After  the  operation  has  been  continued  for  about  half 
an  hour,  the  tube  is  allowed  to  cool,  and  the  chlorine  in  its  in- 
terior having  been  replaced  by  atmospheric  air,  it  is  again 
weighed ;  the  process  is  again  repeated,  and  the  tube  a  second 
time  weighed  :  should  the  second  weiglit  correspond  with  the 
first,  the  analysis  is  complete  ;  if  not,  the  process  must  be  again 
repeated,  till  the  two  last  weighings  are  absolutely  alike. 

The  amount  of  bromine  originally  present  is  calculated  from 

PART  II.  2  L 
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the  diminution  in  the  weight  of  the  mixture,  the  bromide  of 
silver  being  now  replaced  by  chloride  of  silver.  The  calcola* 
tion  is  made  thus  : — Suppose  the  weight  of  the  mixed  chloride 
and  bromide  to  have  been  100  grains,  and,  after  the  experiment, 
suppose  the  weight  to  have  decreased  5  grains.  The  equivalent 
of  bromide  of  silver  is  188'0,  that  of  chloride  of  silver  143'5 ; 
then,  as  44' 5  (the  difference  between  the  respective  equivalents 
of  bromide  and  chloride  of  silver)  :  1880  (the  equivalent  of 
bromide  of  silver)  : :  5  (the  difference  in  weight  found  in  the 
experiment)  x  x,  xz=.  2'112  =  the  quantity  of  bromide  of  silver 
in  the  mixture  analysed. 

Separation  of  Chlorine,  Bromine,  and  Iodine, 

I.  Pisani's  method  (*  Comptes  Rendus,'  Feb.  16, 1867).  The 
liquid  is  divided  into  two  parts,  to  one  of  which  a  known 
slight  excess  of  silver  is  added,  the  precipitate  is  filtered^ 
washed,  and  weighed,  and  the  excess  of  silver  in  the  filtrate 
is  determined  by  iodide  of  starch.  The  difference  gives  the 
quantity  of  silver  combined  with  the  chlorine,  bromine,  and 
iodine.  From  the  other  portion  of  the  liquid  the  iodine  is  pre- 
cipitated by  nitrate  of  palladium ;  it  is  filtered  and  estimated, 
and  the  weight  of  the  silver  salt  which  it  would  form  being 
deducted  from  the  joint  weights  of  chloride,  iodide,  and  bro- 
mide of  silver  found,  the  difference  gives  the  joint  weights  of 
the  bromide  and  chloride  of  silver,  from  which  the  quantity 
of  silver  being  known,  the  weights  of  the  chlorine  and  bromine 
in  the  mixture  are  calculated. 

II.  Lyte  and  Field's  method  (Quart.  Journ.  Chem.  Soc., 
vol.  X.  p.  234). — This  is  founded  on  the  fact  that  chloride  of 
silver  is  decomposed  by  bromide  of  potassium,  and  both  chlo- 
ride and  bromide  of  silver  by  iodide  of  potassium.  When  a 
mixed  solution  of  bromide  of  potassium  and  chloride  of  sodium 
is  added  gradually  to  a  solution  of  nitrate  of  silver  not  in  ex- 
cess, no  trace  of  chloride  of  silver  is  precipitated  as  long  as  any 
bromide  remains  in  solution.  If,  to  a  similar  solution,  iodide  and 
bromide  of  potassium  and  chloride  of  sodium  be  added,  iodide 
of  silver  and  nitrate  of  potassa  are  formed,  bromide  of  potas- 
sium and  chloride  of  sodium  remaining  undecom posed  ;  when 
bromide  of  potassium  is  poured  upon  chloride  of  silver,  an 
entire  decomposition  ensues,  bromide  of  silver  and  chloride  of 
potassium  being  produced.  When  iodide  of  potassium  is  added 
to  chloride  of  silver,  iodide  of  silver  and  chloride  of  potassium 
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are  formed ;  and  when  iodide  of  potassium  is  added  to  bromide 
of  silrer  there  is  a  similar  decomposition,  the  iodine  replacing 
the  bromine.  When  chloride  of  silver  in  excess  is  agitated 
with  a  solution  of  iodide  of  potassium,  and  warmed  for  some 
'hours,  no  trace  of  iodine  can  be  detected  in  the  solution  ;  when 
however  chloride  of  sodium  is  poured  upon  iodide  of  silver,  no 
decomposition  occurs,  neither  is  there  any  action  upon  bromide 
of  silver  with  the  same. salt :  and  when  bromide  of  potassium 
is  added  to  iodide  of  silver,  there  is  no  alteration  in  the  union 
of  the  elements.  Hence  the  following  simple  method  of  ana- 
lysing a  mixture  containing  bromides,  iodid&s,  and  chlorides. 

The  liquid  is  divided  into  three  portions.  To  the  first  is 
added  slight  excess  of  nitrate  of  silver,  and  the  precipitate  with 
the  requisite  analytical  precautions,  is  weighed.  To  the  second 
is  added  nitrate  of  silver  as  before,  the  precipitate  is  filtered  off, 
washed,  returned  to  the  flask  and  digested  in  a  weak  solution 
of  bromide  of  potassium.  A  similar  operation  is  performed 
upon  the  third,  the  precipitate  in  this  instance  however  being 
digested  with  a  weak  solution  of  iodide  of  potassium  instead 
of  bromide.  In  the  first  precipitate,  we  obtain  the  combined 
weights  of  the  chloride,  iodide,  and  bromide  of  silver ;  in  the 
second  the  combined  weights  of  the  bromide  and  iodide  of  silver, 
and  in  the  third,  that  simply  of  the  iodide  of  silver.  Bromide 
of  potassium  having  no  action  upon  iodide  of  silver  has  con- 
verted the  chloride  into  bromide,  leaving  the  iodide  untouched ; 
while  iodide  of  potassium  having  the  power  to  decompose  both 
chloride  and  bromide,  the  whole  is  converted  into  the  iodide. 
The  calculation  is  very  simple :  as  the  difference  between  the 
equivalents  of  bromide  of  silver  and  chloride  of  silver  (44*5)  is 
to  the  equivalent  of  chloride  of  silver  (l-io'G),  so  is  the  differ- 
ence in  weight  after  digesting  in  bromide  of  potassium  to  the 
quantity  of  chloride  of  silver  originally  present ;  and  as  the  dif- 
ference of  the  equivalents  of  bromide  and  iodide  of  silver  (47*1) 
is  to  the  equivalent  of  bromide  of  silver  Q88),  so  is  the  excess 
in  weight  of  the  precipitate  after  digestion  in  iodide  of  potas- 
sium to  the  weight  of  bromide  of  silver  originally  present. 
Fresenius  (*  Quantitative  Analysis,'  Eug.  Trans,  p.  393)  objects 
to  this  method,  which  he  says  may  give  rise  to  Very  considerable 
mistakes,  on  account  of  the  solubility  of  iodide  of  silver  in 
iodide  of  potassium  solution,  and  of  bromide  of  silver  in  bro- 
mide of  potassium  solution.  Field  has  however  shown  (Chem, 
News,  vol.  ii.  p.  324)  that  there  is  no  force  in  this  objection, 
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provided  the  solutions  of  the  solvents,  iodide  and  bromide  of 
potassium,  be  sufficiently  weak  ;  and  that  if  this  be  careful! j 
attended  to,  the  results  are  reliable. 

CYANOGEN. 

201.  Htj>boc7akic  Acid. 

This  acid,  when  in  a  free  state,  is  best  estimated  by  preci- 
pitating it  in  the  form  of  cyanide  of  silrer.  It  falls  as  a  white 
curdy  mass,  which  is  insoluble  in  water,  and  in  dilute  nitric 
acid,  but  soluble  in  ammonia.  Unlike  the  chloride,  bromide, 
and  iodide  of  silver,  it  does  not  change  colour  when  exposed 
to  light,  neither  will  it  bear  ignition  without  being  decom- 
posed* It  may,  however,  be  dried  at  212^,  without  alteration. 
For  its  composition,  see  page  353.  Soluble  cyanides  may  also 
be  precipitated  by  nitrate  of  silver ;  insoluble  cyanides,  which 
do  not  readily  dissolve  in  dilute  nitric  acid,  may  be  analysed  by 
determining  the  amount  of  carbon  and  nitrogen  which  they 
contain  by  tbe  methods  of  organic  elementary  analysis ;  or  the 
amount  of  cyanogen  may  be  determined  in  the  indirect  man- 
ner, by  igniting  the  compound,  and  weighing  the  residue. 
According  to  Eose  (Poggendorff's  'Annalen')  it  is  better  to 
treat  the  compound  with  concentrated  sulphuric  acid  and  a 
little  water,  and  to  heat  the  mixture  long  enough  to  get  rid  of 
nearlv  all  the  excess  of  sulphuric  acid.  All  cyanides,  simple 
and  (Jouble,  even  cyanide  of  silver,  as  well  as  nitro-prusside  of 
sodium  and  the  sulpho-cyanides,  are  transformed  by  this  pro- 
cess into  sulphates,  which  present  no  difficulty  in  analysis. 

Double  cyanides  containing  metals  whose  cyanides  are  so- 
luble  in  nitric  acid, — those  of  nickel,  copper,  and  zinc,  for  in- 
stance,— may  be  analysed  thus : — Cover  the  solid  cyanide  with 
a  solution  of  nitrate  of  silver,  and  then  with  water,  and  a  cer- 
tain quantity  of  nitric  acid,  taking  care  not  to  add  too  large 
an  excess,  cyanide  of  silver  being  more  soluble  in  nitric  acid 
than  chloride.  Weigh  the  cyanide  of  silver  dried  at  212°  on 
a  weighed  filter,  or,  still  better,  calcine  it  at  a  moderate  tem- 
perature so  as  to  avoid  melting  tbe  silver  until  it  ceases  to 
lose  weight. 

The  cyanogen  in  mercuric  cyanide  cannot  be  precipitated  in 
the  form  of  cyanide  of  silver,  a  crystalline  compound  of  nitrate 
with  cyanide  being  formed,  which  is  soluble  in  water.  For 
analysing  this  salt.  Rose  dissolves  it  in  twenty-five  or  thirty 
times  its  weight  of  water,  and  leaves  the  solution  for  thirty-six 
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hours  in  contact  with  an  equal  weight  of  cadmium  filings  in  a 
well-stoppered  hottle ;  he  then  adds  nitric  acid  and  nitrate  of 
silver,  and  ohtains  almost  the  theoretical  quantity  of  cyanide 
of  silver. 

A  large  number  of  simple  and  compound  cvanides  are  easily 
transformed  into  cyanide  of  mercury  by  boiling  them  with  ex- 
cess of  oxide  of  mercury;  the  metal  of  the  cyanide  separates 
in  the  state  of  oxide,  and  the  cyanogen  combines  with  the 
mercury.  Smith  proposes  to  decompose  and  estimate  hydro- 
cyanic acid  by  means  of  chloride  of  lime,  a  process  which  oc- 
cupies but  a  few  seconds ;  the  products  are  nitrogen  gas  and 
carbonate  of  lime.  In  some  cases  he  prefers  the  employment 
of  chloride  of  soda  to  chloride  of  lime,  on  account  of  the  solu- 
bility of  the  compounds  that  are  formed.  The  same  method  is 
applicable  to  the  analysis  of  the  salts  of  cyanogen,  and  also  to 
that  of  the  ferrocyanides. 

The  usual  method  of  analysing  the  latter,  when  free  from 
alkali,  is  to  fuse  them,  in  small  portions  at  a  time,  at  an  intense 
heat,  in  a  porcelain  crucible,  with  nitre.  The  bases  which  re- 
main are  separated  from  each  other  by  the  ordinary  processes, 
and  the  cyanogen  is  estimated  in  a  fresh  portion  by  the  direct 
determination  of  the  carbon  and  nitrogen.  Alkaline  ferro- 
cyanides are  decomposed  by  boiling  sulphuric  acid,  nitric  acid, 
or  aqua-regia,  and  the  evaporated  mass  treated  as  usual  for  the 
bases.  The  reason  why  it  is  inadmissible  to  decompose  them 
by  fusion  with  nitre  is,  that  an  explosion  would  certainly  re- 
suit  from  the  contact  of  the  nitre  with  the  fused  salt.  Those 
alkaline  double  cyanides,  which  resist  decomposition  by  boil- 
ing concentrated  acids,  are  kept  for  a  long  time  ignited  in  the 
air,  or  in  contact  with  oxide  oi*  copper;  and,  should  the  ferro- 
cyanide  under  examination  contain  a  volatile  metal,  the  latter 
must  be  determined  by  dissolving  a  separate  portion  of  the 
compound  in  caustic  potassa,  or  in  hydrochloric  acid,  and  pre- 
cipitating the  metal  with  sulphuretted  hydrogen. 

A  method  of  analysing  compounds  of  cyanogen,  founded 
on  the  action  of  iodine,  has  been  proposed  by  M.  V.  Gerdy 
('Comptes  Eendus,'  Jan.  22,  1842).  It  was  found  by  this  che- 
mist that  in  many  of  the  soluble  combinations  of  cyanides,  the 
cyanogen  may  be  substituted,  atom  for  atom,  by  iodine;  so 
that,  irom  the  amount  of  solution  of  iodine  employed  and  de- 
colorized before  its  action  on  starch  becomes  evident,  it  is  pos- 
sible to  calculate  with  the  greatest  ease,  and  in  a  few  momeutSi 
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the  amount  of  the  cyanop^en  contained  in  the  liquid,  and  the 
quantity  of  metal  with  which  it  was  combined.  Gerdy  has  thus 
•analysed  cyanide  of  potassium  with  great  accuracy.  He  states, 
also,  tliat  the  method  is  equally  applicable  to  the  analysis  of 
cyanide  of  mercury;  of  the  double  compound  of  cyanide  of 
potassium  and  cyanide  of  silver,  which  contains  eight  atoms 
of  cyanogen  to  one  of  silver ;  of  cyanide  of  silver,  dissolved  in 
ferrocyanide  of  potassium  ;  of  double  cyanide  of  potassium  and 
copper  ;  of  cyanide  of  gold  dissolved  in  cyanide  of  potassium, 
etc.  The  analysis  of  cyanide  of  gold  is,  he  says,  not  so  easy  of 
execution,  according  to  this  method,  as  is  tlie  case  with  the 
other  compounds  above  mentioned,  and  requires  some  care. 
The  reaction  is  here  of  a  different  description  ;  for,  while  eight 
atoms  of  cyanogen  are  required  to  dissolve  one  atom,  of  gold, 
•viz.  four  atoms  combined  with  the  gold,  and  four  with  the  po» 
tassium,  four  atoms  of  iodine  alone  suffi.ce  to  effect  the  decern^ 
position.  This  peculiarity  he  considers  to  be  owing  to  the 
cyanide  of  gold  not  being  acted  on  by  the  iodine,  and  being 
only  precipitated  entirely  when  the  iodine  has  decomposed  the 
whole  of  the  cyanide  of  potassium. 

Determination  of  the  amount  of  Hydrocyanic  Acid  in  the 
medicinal  Hydrocyanic  Acid,  Bitter  Almond,  and  Cherry-Laurel 
waters  (Liebig). — This  process  is  founded  on  the  fact  that 
oxide  and  chloride  of  silver  are  soluble  in  cyanide  of  potassium 
up  to  a  certain  point,  viz.  until  the  double  compound  consisting^ 
of  equal  equivalents  of  cyanide  of  potassium  and  cyanide  of 
silver  is  formed,  which  compound  is  not  decomposed  by  excess 
of  potash.  To  the  liquid  containing  the  prussic  acid,  caustic 
potassa  is  added  until  it  has  a  strong  alkaline  reaction,  and  then 
a  few  drops  of  chloride  of  sodium.  A  solution  of  nitrate  of 
silver  of  known  strength  is  then  added,  drop  by  drop,  from 
a  burette  until  a  slight  milkiness  is  perceptible.  The  quantity 
used  is  noted ;  every  equivalent  of  silver  consumed  exactly  cor- 
responds to  two  equivalents  of  prussic  acid.  The  presence  of 
formic  or  hydrochloric  acid  has  no  influence  on  the  result.  The 
method  may  be  employed  advantageously  to  test  the  purity  of 
commercial  cyanide  of  potassium.  (Liebig'sAnnalen,  Jan.  1851.) 

Separation  of  Cyanogen  from  Chlorine,  Bromine,  and  Iodine. 
— The  best  method  is  to  precipitate  all  three  of  the  electro- 
negative elements  with  nitrate  of  silver,  and,  having  carefully 
collected,  washed  and  dried  the  precipitate  in  the  water-bath, 
to  determine  the  amount  of  carbon  and  nitrogen  yielded  by  the 
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mixture  by  the  ordinary  metbods  of  organic  analysis.  From 
the  numbers  obtained,  tbe  amount  of  cyanide  of  silver  is  calcu- 
lated, and  the  proportion  of  iodine,  bromine,  and  chlorine  is 
inferred  from  the  difference. 

Fresenius  gives  the  following  method  of  determining  the 
relative  proportions  of  hydrocyanic  and  hydrochloric  acids,  when 
together  present  in  a  solution.  It  is  founded  on  the  circum- 
stance, that  percyanide  of  mercury  is  not  decomposed  by  nitrate 
of  silver.  The  solution  is  divided  into  two  equal  parts.  One 
portion  is  precipitated  with  nitrate  of  silver,  and  the  mixed 
precipitate  of  chloride  and  cyanide  of  silver  weighed ;  the  other 
portion  is  mixed  with  oxide  of  mercury,  and  the  mixture 
agitated  until. perfectly  inodorous.  The  fluid  is  then  filtered 
off,  the  filtrate  subsequently  precipitated  with  nitrate  of  silver, 
and  the  precipitate  weighed.  The  difference  between  the  re- 
spective weights  of  the  two  precipitates  indicates  the  amount  of 
cyanide  of  silver  contained  in  the  precipitate  in  the  first  portion. 

FLUORINE. 
202.  Htdbofldoeic  Acid. 

When  this  acid  exists  in  aqueous  solution,  it  is  quantita- 
tively estimated  by  rendering  the  liquid  alkaline  by  ammonia, 
and  precipitating  the  hydrofluoric  acid  in  the  form  of  fluoride 
of  calcium  by  the  addition  of  chloride  of  calcium ;  the  preci- 
pitate, which  is  gelatinous,  is  washed  on  the  filter  with  hot 
distilled  water,  and  then  with  acetic  acid,  to  remove  any  car- 
bonate of  lime  which  may  have  formed  during  the  process  of 
filtration.    The  composition  of  the  ignited  salt  is — 

One  equivalent  of  Ca    .     .     .     20    .     .     61'28 
One      ditto      of  Fl     .     .     .     19    .     .    48-72 

One     ditto      of  CaFl     .     .     39     .     .  10000 

The  fluorine  in  soluble  fluorides  may  be  determined  in  the 
same  manner,  the  bases  being  estimated  in  the  filtrate  according 
to  the  usual  rules.  To  detect  fluorine  in  water,  Men^  treats 
the  solid  residue  of  a  large  quantity  of  the  water  with  an  excess 
of  concentrated  sulphuric  acid,  and  passes  the  gaseous  pro- 
ducts into  water  sligntly  ammoniated,  in  which,  if  fluorine  were 
present  in  the  water,  some  gelatinous  silica  is  obtained,  from 
the  decomposition  of  the  fluoride  of  silicon  which  was  disen- 
gaged from  the  residue. 
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Insoluble  fluorides  may  be  analysed  in  two  ways. 

(1.)  Decomposition  by  Sulphuric  Acid. — The  fluorine  in  this 
process  is  estimated  indirectly.  A  weighed  quantity  of  the 
fluoride,  finely  pulverized,  is  heated  in  a  platinum  capaule  with 
concentrated  sulphuric  acid ;  the  fluorine  escapes  in  the  form 
of  hydrofluoric  acid  gas,  and  the  excess  of  sulphuric  acid  is 
finally  expelled  by  raising  the  heat  to  ignition.  From  the 
weight  of  the  resulting  sulphate,  the  quantity  of  metal  in  the 
base  is  calculated ;  that  of  the  fluorine  is  indicated  by  the  loss 
of  weight.  Should  the  substance  analysed  contain  more  than 
one  base,  the  resulting  sulphates  must  be  submitted  to  further 
analysis,  before  a  calculation  can  be  made  of  the  amount  of 
fluorine  present  in  the  substance.  ^ 

(2.)  Conversion  of  the  Fluorine  into  Fluoride  of  Silicon^ 
Wohler's  process  (Poggendorff^s  *Annalen,'  vol.  xlviii.). — Th© 
weighed  substance  is  intimately  mixed  with  pure  silica,  unless 
it  already  contains  some  ;  the  mixture  is  placed  in  a  small  flask 
which  can  be  weighed  on  the  balance ;  very  concentrated  sul- 
phuric acid,  which  has  been  boiled,  is  added,  and  the  flask 
quickly  closed  w^ith  a  cork,  through  which  a  small  tube,  filled 
with  fused  chloride  of  calcium,  and  drawn  out  to  a  fine  point, 
passes.  The  whole  apparatus  is  now  weighed,  and  then  ex- 
posed to  a  proper  heat,  as  long  as  gaseous  fluoride  of  silicon  is 
evolved.  The  last  portions  are  removed  by  exhaustion  under 
the  air-pump.  The  loss  of  weight  which  it  experiences  is 
fluoride  of  silicon,  from  which  the  amount  of  fluorine  is  cal- 
culated. 1*395  parts  of  fluoride  of  silicon  are  formed  for  each 
part  of  fluorine.  To  test  this  method,  the  author  estimated 
the  amount  of  fluorine  in  fluorspar,  and  the  results  were  ac- 
curate to  the  first  decimal  place.  To  avoid  the  use  of  the  air- 
pump,  Presenius  modifies  the  apparatus  by  adding  a  second 
tube,  closed  with  a  wax  stopper,  the  lower  end  reaching  nearly 
to  the  bottom  of  the  flask  ;  the  last  traces  of  gas  may,  with  this 
arrangement,  be  removed  from  the  flask  by  simple  suction: 
for  which  purpose  a  suction  tube  is  applied,  filled  with  dry  cot- 
ton at  the  lower  end,  and  with  moist  cotton  in  the  centre.  The 
above  process  is  well  adapted  for  the  separation  of  fluorine  from 
the  silicates.  Another  method,  proposed  by  Berzelius  and 
modified  by  Kegnault,  is  the  following : — the  finely  levigated 
powder  is  kept  for  some  time  in  a  s^te  of  fusion,  with  four 
times  its  weight  of  carbonate  of  soda  ;  it  is  then  extracted  with 
boiling  water,  and  the  filtered  solution  is  mixed  with  a  solution 
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of  carbonate  of  zinc  in  ammoDia,  and  evaporated  to  dryness. 
By  digesting  the  dry  residue  with  boiling  water,  a  solution  is 
obtained,  which  contains  the  whole  of  the  fluorine  ia  the  form 
of  fluoride  of  sodium,  in  conjunction  with  carbonate  of  soda. 
It  is  carefully  neutralized  with  hydrochloric  acid,  and  the  car- 
bonic acid  completely  removed  by  allowing  it  to  stand  for  some 
hours  under  a  bell  jar,  by  the  side  of  a  vessel  containing  solution 
of  caustic  potassa.  The  hydrofluoric  acid  is  finally  precipitated 
and  estimated  in  the  form  of  fluoride  of  calcium. 

Where  the  fluoride  to  be  analysed  contains  water,  the  amount 
of  that  substance  cannot  be  estimated  by  simply  heating  the 
fluoride,  since  the  simultaneous  action  of  the  air  and  the  water 
sometimes  eflects  a  partial  decomposition  of  the  fluoride,  and  a 
portion  of  hydrofluoric  gas  escapes  along  with  the  vapour  of 
water.  In  such  cases  the  analysis  is  performed  as  follows  : — 
The  joint  amount  of  water  and  fluoride  is  first  determined  by 
heating  a  known  weight  of  the  substance  with  concentrated 
sulphuric  acid  in  the  manner  above  described  ;  a  fresh  portion 
of  the  compound  is  then  mixed  in  a  little  glass  retort  with  about 
six  times  its  weight  of  finely  pulverized  and  recently  ignited 
protoxide  of  lead  ;  the  mixture  is  covered  with  a  layer  of  oxide 
of  lead,  the  retort  is  weighed,  and  heat  is  then  applied,  gentle 
at  first,  but  gradually  increasing  to  redness ;  aqueous  vapour, 
unaccompanied  with  the  slightest  trace  of  hydrofluoric  acid 
gas,  escapes.  The  retort  is  allowed  to  cool ;  it  is  then  weighed 
again,  and  the  amount  of  water  calculated  from  the  loss  which 
it  has  sustained.  By  the  first  operation  the  joint  amount  of 
water  and  fluorine  has  been  learnt ;  and  we  have  only  now  to 
deduct  from  that  amount  the  quantity  of  water,  indicated  by 
the  second  experiment,  to  find  the  quantity  of  fluorine  in  the 
substance  under  examination. 

SeparaHon  of  Fltiorides  from  Fhosphates, — The  process  of 
Berzelius  as  modified  by  Kegnault,  which  we  have  described 
above,  for  separating  fluorides  from  silicates,  may  also  be  em« 
ployed  when  phosphates  also  are  present.  In  this  case  the  solu-» 
tion  filtered  ^om  the  silicic  acid  will  contain  phosphate  of  soda 
J  in  addition  to  fluoride  of  sodium  and  carbonate  of  soda.     It  is 

i  analysed  as  follows : — it  is  rendered  ammoniacal,  and  mixed  in 

I  a  glass  flask  which  can  be  closed  air-tight  with  a  solution  of 

chloride  of  calcium  ;  the  precipitate  which  is  produced  consists 
of  fluoride  of  calcium  and  phosphate  of  lime.  It  is  washed 
with  the  proper  precautions,  dried,  ignited,  and  weighed  ;  it  is 
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then  treated  in  a  platinum  crucible  vith  concentrated  suU 
phuric  acid,  and  heated  until  the  "^-hole  of  the  hydrofluoric 
acid  is  expelled.  The  residue  is  treated  with  alcohol,  in  which 
sulphate  of  lime  is  insoluble,  and  the  phosphoric  acid  dissolved 
in  the  alcohol  is  precipitated  and  estimated  as  pyrophosphate 
of  magnesia.  The  amount  of  fluorine  originally  present  in  the 
mixed  precipitate  of  fluoride  of  calcium  and  phosphate  of  soda, 
is  learnt  by  the  loss  of  weight  sustained  by  the  action  of  the 
sulphuric  acid. 

203.  Nitric  Acid. 

(1.)  JEstimaiion  of  free  Nitric  Acid  by  Hydrate  of  Baryta, — 
If  nitric  acid  exist  in  a  solution  in  a  free  state,  baryta- water  may 
be  added  until  the  liquid  begins  to  acquire  a  slightly  alkaline 
reaction :  the  whole  is  then  evaporated  to  dryness.  The  dry 
mass  is  dissolved  in  water,  and  the  carbonate  of  baryta  which 
may  have  been  formed  during  the  evaporation,  having  been  re. 
moved  by  filtration,  dilute  sulphuric  acid  is  added.  The  quan- 
tity of  nitrate  of  baryta  is  calculated  from  the  weight  of  the 
sulphate  precipitated,  and  from  this  is  deduced  the  weight  of 
the  nitric  acid  originally  present  in  the  solution.  Care  must 
be  taken  not  to  add  the  baryta-water  in  too  great  excess. 

According  to  Schaffgotsch  (Poggendorff's  '  Annalen,' cviii. 
p.  64),  free  nitric  acid  may  be  estimated  in  the  form  of  nitrate 
of  ammonia,  a  salt  of  perfectly  constant  composition,  which 
can  be  easily  weighed  in  a  covered  crucible,  after  being  dried 
at  240^^  F. 

(2.)  By  the  process  of  Acidimetry. — This  method,  which  is 
based  on  the  determination  of  the  amount  of  carbonic  acid  ex- 
pelled by  a  weighed  quantity  of  the  acid  under  examination, 
IS  best  performed  with  the  alkalimetrical  apparatus  of  Frosenius 
and  Will  (see  annexed  figure).  It  being  indispensable  that  the 
bicarbonate  employed  for  this  experiment  should  be  entirely 
free  from  neutral  or  sesquicarbouate  (though  its  perfect  free- 
dom from  any  admixture  of  sulphate  and  chloride  is  not  of  con* 
sequence)  Fresenius  and  Will  recommend  to  purify  the  bi- 
carbonate of  soda  of  commerce  in  the  following  manner: — 
Half  a  pound  or  a  pound  is  reduced  to  a  uniform  powder,  and 
a  portion  of  it  first  tested  with  bichloride  of  mercury ;  if  the 
solution  becomes  merely  turbid  or  milky  at  first,  it  is  tole^ 
rably  free  from  carbonates,  the  powder  is  then  put  into  a  glass 
jar  and  covered  with  the  same  amount  of  cold  rain-water ;  it  is 
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allowed  to  stand  for  twenty-four  hours,  with  frequent  stirring. 
The  salt  h  then  placed  upon  a  funnel,  the  tube  of  which  is 
stopped  with  loose  cotton,  so 
as  to  allow  the  ley  to  drop  off. 
The  B&lt  is  then  washed  Bereral 
times  with  small  quantities  of 
cold  rain-water  ;  what  remains 
is  generallv  pure,  and  adapted 
for  acidimetrical  purposes.  It 
is  dried  between  some  sheets  of 
blotting-paper,  without  the  aid 
of  heat,  and  kept  for  use  in  a 
well-closed  glass  jar.  The  ope- 
ration is  conducted  as  follows; 
— A  portion  of  the  fluid  to  be 
enamiued  is  carefully  weighed 
into  6;  if  the  acid  be  concen- 
trated, from  four  to  eight  times 
its  amount  of  water  shouhl  be  Fig.  84. 

added.  A  little  glass  tube  is  provided,  capable  of  holding 
about  75  grnins  of  bicarbonate  of  soda;  it  is  filled  nearly 
to  the  brim  with  tho  alkali,  and,  a  silk  thread  being  tied 
round  its  upper  end,  it  is  lowered  down  into  b,  so  as  to 
remain  suspended  perpendicularly  when  the  flask  is  closed, 
the  silk  thread  becoming  flied  between  the  cork  and  the  glass. 
The  apparatus  is  then  arranged  as  described  (page  269),  and 
accurately  weighed.  When  the  operation  is  about  to  be  com- 
menced, the  cork  of  the  flask  b  is  slightly  loosened,  so  as  to 
allow  the  little  tube,  together  with  its  silk  thread,  to  fall  into 
the  acid,  and  immediately  fixed  again  air-tight.  The  evolution 
of  carbonic  acid  commences  instantaneously,  and  continues  in 
auniform  and  uninterrupted  manner  till  the  acid  is  completely 
neutralized.  The  operation  may  be  accelerated  by  repeatedly 
ahakingtbe  apparatus.  When  no  more  bubbles  of  gas  nppcar 
upon  agitation,  the  flask  b  is  placed  up  to  its  neck  in  hot  water, 
and  there  left  until  the  renewed  evolution  of  gas  has  com- 
pletely ceased  ;  this  is  also  promoted  by  agitating  the  appa- 
ratus. The  wax  stopper  is  then  removed  from  d;  the  flask 
removed  from  the  hot  water,  wiped  dry,  and  suction  applied  to 
0  until  the  carbonic  acid  is  completely  removed.  The  appa- 
ratus is  allowed  to  cool,  and  agaiu  weighed ;  the  amount  of 
anhydrous  acid  in  the  sample  examined  is  determined  from 
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the  amount  of  carbonic  acid  evolved ;  every  two  equivalents  of 
the  latter  indicate  one  equivalent  of  nitric  acid.  It  is  evident 
that  this  method  applies  to  all  acids  capable  of  decomposing 
bicarbonate  of  soda,  and,  consequently^  that  it  cannot  be  em- 
ployed to  determine  nitric  acid  in  the  presence  of  any  other 
free  acid. 

Determination  of  Nitric  Acid  in  combination  with  hoses. — 
Those  nitrates  whose  bases  form  with  sulphuric  acid  com- 
pounds which  are  not  decomposed  by  mere  ignition,  may  be 
analysed  bv  heating  them  in  a  platinum  crucible  with  sulphuric 
acid,  and,  having  expelled  the  excess  of  acid  by  feeble  ignition, 
determining  the  quantity  of  nitric  acid  expelled,  by  calculation 
froin  the  weight  of  the  sulphate  obtained.  Nitrates  which  con- 
tain no  water  of  crystallization,  may  also  be  analysed  by  simple 
ignition,  nothing  but  pure  metallic  oxide  being  in  most  cases 
left ;  the  amount  of  nitric  acid  is  inferred  from  the  loss  of 
weight.  If  the  salt  to  be  examined  be  mixed  with  two  or  three 
times  its  weight  of  perfectly  anhydrous  borax,  the  decompo- 
sition is  effected  at  a  lower  temperature,  and  without  danger  of 
deflagration.  A  still  better  method  is  to  fuse  the  alkaline  ni* 
trate  to  a  dull  red-heat  with  2^  times  its  weight  of  bichromate 
qfpotassa:  neither  chlorides  nor  sulphates  are  under  these 
conditions  decomposed.  Hydra  ted  nitrates  are  analysed  by 
determining  the  base  in  one  portion,  and  the  water  and  nitric 
acid  in  another,  by  the  method  of  organic  elementary  analysis. 
Nitrates,  the  bases  of  which  are  precipitable  by  sulphuretted 
hydrogen,  may  be  analysed  by  removing  the  base  by  that  re- 
agent, excess  of  which  should  be  avoided,  and  determining  the 
amount  of  nitric  acid  in  the  filtrate  by  hydrate  of  baryta,  ia 
the  manner  described  at  the  beginning  of  this  section. 

The  analysis  of  those  nitrates  which  are  insoluble  in  water 
may  be  effected  also  by  sulphuretted  hydrogen.  They  should 
be  reduced  to  a  state  of  minute  division,  and  kept  suspended 
in  water  while  a  stream  of  sulphuretted  hydrogen  is  passed 
through  the  liquid. 

From  barjfta,  strontia,  and  limCy  nitric  acid  may  be  separated 
by  mixing  the  solution  with  slight  excess  of  sulphuric  acid ; 
and,  in  the  case  of  lime  and  strontia,  adding  also  alcohol,  to 
render  the  precipitation  more  complete.  Baryta- water  is  added 
to  the  fluid  filtered  off  from  the  precipitate,  until  it  is  slightly 
alkaline ;  it  is  then  evaporated  to  dryness  on  the  water-bath, 
redissolved  in  water,  filtered,  and  the  filtrate  treated  as  above 
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directed.  Anotber  metbod,  wbich  maj  be  adopted  for  deter- 
mining the  amount  of  nitric  acid  in  the  nitrates,  is  to  distil  the 
nitrate  iTvith  Bulpburio  acid  diluted  with  twice  its  volume  of 
water  at  a  temperature  not  above  160°  or  175°.  The  opera- 
tion is  conducted  in  a  retort  with  the  neck  drawn  out,  and  bent 
so  that  by  means  of  an  india-rubber  tube  it  may  be  connected 
with  a  little  receiver  with  three  bulbs  (similar  to  that  used 
for  collecting  ammonia  in  the  estimation  of  ammonia,  by  the 
method  of  Will  and  Yarrentrapp),  containing  a  known  volume 
of  a  standard  solution  of  potassa  or  soda.  The  distillation  must 
be  continued  for  three  or  four  hours.  It  may  be  effected  in  a 
water*bath  in  a  vacuum,  either  by  means  of  an  air-pump,  or 
by  expelling  the  air  from  the  apparatus  by  boiling,  and  then 
closing  hermetically.  If  the  nitrate  is  mixed  with  chloride,  a 
solution  of  sulphate  of  silver,  or  of  moist  oxide  of  silver,  is 
added  previous  to  distillation  (Bose). 

For  estimating  nitric  acid  in  the  indirect  way,  Eeisch  has 
proposed  heating  the  nitrate  at  a  barely  visible  red-heat,  with 
four  or  six  times  their  weight  of  pulverized  quartz,  which  he 
prefers  to  bichromate  of  potassa,  because  the  mass  calcines 
without  melting,  and  there  is  therefore  no  fear  of  portions 
being  projected  from  the  crucible,  and  because  the  presence  of 
chlorides  and  sulphates  is  no  inconvenience,  the  nitrates  alone 
being  decomposed. 

Crum  (Joum.  fur  Prakt.  Chem.,  41,  201)  estimates  nitric 
acid  by  transforming  it  into  binoxide  of  nitrogen.  The  salt 
dissolved  in  water  is  introduced  into  a  graduated  jar  over  mer- 
cury, and  then  sulphuric  acid  added  to  the  extent  of  three 
times  the  volume  of  the  water  used, — after  a  few  hours  the 
binoxide  is  disengaged ;  the  volume  of  the  gas  in  the  tube  is 
measured,  due  regard  being  had  to  the  temperature,  and  the 
height  of  the  barometer ;  the  binoxide  is  tnen  absorbed  by 
throwing  up  into  the  tube  a  solution  of  protosulphate  of  iron, 
and  the  amount  of  absorption  being  carefully  noted,  the  quantity 
of  nitric  acid  is  calculated  therefrom.  Schlosing  (Journ.  fiir 
Prakt.  Ghem.,62, 142)  also  converts  the  nitric  acid  into  binoxide, 
but  instead  of  measuring  the  volume  of  the  gas  he  reconverts 
it  into  nitric  acid.  The  solution  of  the  nitrate  is  boiled  in  a 
flask,  till  all  the  air  is  expelled ;  an  acid  solution  of  protochloride 
of  iron  is  then  drawn  into  the  flask,  and  the  liquid  is  again  boiled, 
binoxide  of  nitrogen  is  evolved,  which  is  collected  over  mer- 
cury  in  a  balloon  filled  with  mercury  and  milk  of  lime  :  the  gas 
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is  then  brought,  without  loss,  into  contact  with  Oxygen  and 
water,  so  as  to  convert  it  again  into  nitric  ^cid,  which  is  esti- 
mated with  normal  alkali  in  the  usual  manner.  This  method, 
which  may  be  used  in  the  presence  of  organic  matter,  *'  has 
passed  successfully,"  observes  Fresenius  (Quant.  Anal.,  p.  309), 
''  through  an  ordeal  of  numerous  and  searching  experiments." 
It  was  devised  by  the  author  for  estimating  the  amount  of 
nitric  acid  in  tobacco. 

Valuation  of  Nitre, 

I.  Method  of  Felouze  ('  Comptes  Eendus,'  January,  1847). 
— This  is  founded  on  the  peroxidation  of  a  protosalt  of  iron  by 
the  oxygen  of  the  nitric  acid,  a  solution  of  permanganate  of 
potassa  being  employed,  as  in  Marguerite's  process  (see  Iuon), 
to  indicate  the  completion  of  the  oxidation.  The  operation 
is  as  follows : — It  is  first  accurately  determined  how  much 
pure  nitrate  of  potash  is  requisite  to  peroxidize  a  known  weight 
of  iron  dissolved  in  excess  of  hydrochloric  acid.  Pelouze  fouud 
that  2  grammes  of  pure  iron  (pianoforte  wire)  dissolved  in  a 
considerable  excess  of  hydrochloric  acid,  required  from  1*212 
to  1'220  gramme ;  on  an  average  therefore  1*216  gramme  of 
pure  nitrate  of  potash.  He  examined  the  nature  of  the  gases 
given  off  in  this  reaction,  and  found  them  to  consist  of  hydro- 
chloric acid  and  binoxide  of  nitrogen.  Converting  these  num* 
bers  into  equivalents,  they  correspond  to  6  equivalents  of  iron 
and  1  equivalent  of  nitrate  of  potash :  the  acid  of  this  last  salt 
is  decomposed,  therefore,  into  binoxide  of  nitrogen,  which  is 
disengaged,  and  into  3  equivalents  of  oxygen,  which  deprive  the 
hydrochloric  acid  of  3  equivalents  of  hydrogen  to  form  3  equi- 
valents of  water  and  liberate  3  equivalents  of  chlorine,  which 
produce  with  the  G  equivalents  of  protochloride  of  iron  3  equi- 
valents of  perchloride.  These  reactions  will  be  better  under- 
stood by  putting  them  into  an  equation,  thus : — 

6FeCl-fKO,N06-f4HCl  = 
4HO  +  KCl-fN03  +  3(Fe2Cl8). 
It  will  be  observed,  by  the  way,  that  this  decomposition  of  ni- 
trates by  protosalts  of  iron  in  the  presence  of  an  excess  of  hy- 
drochloric acid  furnishes  a  method  of  preparing  binoxide  of 
nitrogen.  This  decomposition  being  estaolished,  it  occurred  to 
Felouze  that  it  might  oe  made  the  basis  of  a  ready  and  simple 
method  of  analysing  the  nitrates.  He  found  that  the  presence 
of  sulphates  and  chlorides  in  no  way  interfered  with  the  decom- 
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position  in  whatever  proportion  they  were  present,  and  there 
only  therefore  remained  to  be  found,  a  safe  and  ready  method 
of  determining,  in  the  assay  of  an  impure  nitrate,  the  quantity 
of  iron  not  peroxidized.  Such  a  method  has  been  described  by 
Marguerite.  Suppose,  for  instance,  that  having  operated  upon 
30*88  grains  of  iron,  and  18*77  grains  of  impure  nitre,  the  per- 
manganate of  potassa  indicates  that  3'08ij  grains  of  iron  have 
not  been  perozidized,  it  may  be  concluded  that  30*88  grains 
minus  3*088  grains,  or  27*79  grains,  have  been  peroxidized : 
now,  if  the  nitre  had  been  pure,  the  whole  30*88  grains  would 
have  been  peroxidized ;  we,  therefore,  have  the  proportion — 

As  30-88  :  18*77  : :  27*79  :  16*89 ; 
the  18*77  grains  of  impure  nitre  consequently  contain  16*89 
grains  of  nitrate  of  potash,  or  90  per  cent. 

The  following  example  will  illustrate  the  practical  details  of 
the  method.  The  specimen  may  be  supposed  to  be  taken  from 
a  sample  of  the  crude  nitre  of  commerce  as  it  is  sent  to  the 
refiner. 

30*88  grains  of  pianoforte  wire  are  placed  in  a  flask  of  the 
capacity  of  about  10  cubic  inches,  and  on  them  are  poured 
about  1500  grains  of  strong  hydrochloric  acid,  the  flask  is  closed 
with  a  cork  furnished  with  a  drawn-out  tube,  and  the  iron  dis- 
solved at  a  gentle  heat.  When  the  whole  is  dissolved,  18*52 
grains  of  the  nitre  under  examination  are  introduced,  the  flask 
is  immediately  closed,  and  the  liquid  boiled  ;  it  becomes  of  a 
brown  colour ;  dense  vapours  of  hydrochloric  acid,  mixed  with 
binoxide  of  nitrogen,  issue  from  the  orifice  of  the  drawn-out 
tube,  and  prevent  the  access  of  air.  As  soon  as  the  liquor  loses 
the  brown  colour,  it  becomes  yellow,  and  gradually  brightens : 
after  boiling  for  5  or  6  minutes,  and  when  the  liquid  has  become 
perfectly  transparent,  the  flask  is  removed  from  the  fire,  the 
liquid  which  it  contains,  and  the  wash  water  are  poured  into  a 
flask  capable  of  holding  about  60  cubic  inches,  which  is  then 
entirely  filled  with  ordinary  water:  upon  this  a  solution  of  per- 
manganate of  potash  of  known  strength  is  gradually  added  from 
a  graduated  burette.  The  operation  is  then  finished,  and  there 
remains  only  to  calculate  the  result. 

Let  us  suppose  that  the  solution  of  permanganate  was  of 
ouch  a  strength  that  25  divisions  of  the  burette  were  required 
to  peroxidize  7*72  grains  of  iron,  or  50  divisions  for  15*44  grains 
of  that  metal ;  and  let  us  further  suppose  that  to  complete  the 
preceding  experiment  10  divisions  of  the  same  solution  were 
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required ;  now,  if  50  divisioDS  of  this  permanganate  suffice  to 
peroxidize  20  of  iron,  how  much  ought  10  divisions  to  per* 
oxidize  F 

As  50  :  15-44  : :  10  :  3  088. 
8  088  therefore  are  subtracted  from  30*88  grains  of  iron,  and  it 
may  be  concluded  that  the  remaining  27*888  have  been  per« 
oxidized  by  18*52  grains  of  crude  nitre  :  but  it  is  known  that 
30*88  grains  of  iron  represent  18*77  grains  of  pure  nitrate  of 
potash,  the  quantity  of  that  salt  therefore  corresponding  to 
27*888  grains  of  iron  is  found  by  the  following  proportion : — 

As  80*88  :  18*77  :  :  27*888  :  16*95. 
In  the  18*52  grains  of  saltpetre  submitted  to  analysis  there 
were  therefore  16*95  grains  of  pure  nitre  =  91*4  per  cent.  In 
performing  the  experiment  the  operator  must  be  careliil  in 
guarding  against  access  of  air :  otherwise  this  would  be  apt  to 
act  upon  the  binoxide  of  nitrogen,  and  render  it  capable  of  per- 
oxidizing  a  further  quantity  of  iron,  so  that  the  amount  of  nitre 
would  be  exaggerated.  Howeyer,  the  peroxidation  of  iron, 
when  the  metal  is  dissolved  in  a  strongly  acid  liquid,  is  very 
slow,  as  Marguerite  has  shown,  and  in  the  manner  of  conduct* 
ing  the  process,  as  described  above,  the  inconvenience  is  avoided, 
for  as  soon  a8*the  iron  has  disappeared  in  the  acid  the  flask  is 
filled  with  hydrogen  and  hydrochloric  acid  gases :  the  nitrate 
which  is  introduced  carries  with  it  but  a  mere  trace  of  air,  and 
the  liquid  kept  boiling  disengages,  by  the  drawn-out  tube,  acid 
and  aqueous  vapours,  the  issuing  forth  of  which  being  always 
visible  and  readily  maintained,  does  not  allow  the  admission  of 
any  air. 

Pelouze  states  that  he  has  confirmed  the  accuracy  of  his  me- 
thod by  the  analysis  of  several  other  nitrates,  such  as  those  of 
soda,  ammonia,  lead,  etc.,  and  he  observes  further  that  it  will 
enable  us  to  determine  the  amount  of  water  in  certain  nitrates, 
the  composition  of  which  is  at  present  doubtful. 

This  method  has  been  subjected  to  an  elaborate  critical  exa- 
mination by  Abel  and  Bloxam  (Quart.  Jour.  Chem.  Soc,  vol. 
ix.  97).  They  have  arrived  at  the  conclusion,  that  although 
the  reaction  upon  which  it  is  founded  is  perfectly  correct,  and 
that  therefore  it  frequently  happens  that  the  most  accurate  re- 
sults are  furnished  by  it,  nevertheless,  these  results  are  liable 
to  contain  disturbing  causes  which  are  so  far  beyond  the  con- 
trol of  the  operator  as  to  deprive  the  method  ot  that  certainty 
so  essential  to  any  process  in  use  for  commercial  analysis.  These 
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disturbing  causes  are : — 1.  The  action  of  air  upon  the  nitric 
oxide  gas  by  which  nitric  acid  is  regenerated.  2.  The  incom- 
plete expulsion  of  the  nitric  oxide  from  the  fluid,  in  conse- 
quence of  which  it  reduces  a  larger  quantity  of  permanganate 
of  potassa  than  corresponds  with  the  amount  of  protoxide  of 
iron  contained  in  it ;  this  however  is  only  to  be  feared  in  dilute 
solutions.  8.  The  evolution  of  nitric  acid  hefore  it  has  acted 
upon  the  protochloride  of  iron,  especially  when  the  fluid  boils 
very  rapidly  after  the  addition  of  the  nitrate,  and  when  the  ex- 
cess of  protochloride  of  iron  is  proportionally  small.  All  these 
sources  of  error  may,  according  to  Fresenius(Liebig*s  *Anrialen,' 
May,  1858,  p.  217),  be  avoided,  and  perfectly  satisfactory  results 
obtained,  by  the  following  method  of  operating.  Into  the  belly 
of  a  tubulated  long-necked  retort,  capable  of  containing  about 
200  cubic  centimetres,  so  fixed  that  the  neck  is  directed  a  little 
obliquely  upwards,  is  put  about  1*5  gramme  of  fine  pianoforte 
wire,  accurately  weighed,  and  from  20  to  40  cubic  centimetres 
o^  pure  fuming  hydrochloric  acid  are  added.  Hydrogen  gas 
washed  in  a  solution  of  potash,  is  now  passed  in  through  the 
tubulure  by  means  of  a  glass  tube  reaching  about  2  centi- 
metres into  the  retort,  and  the  neck  of  the  retort  is  united  to 
a  U-shaped  tube  containg  a  little  water.  The  belly  of  the  re- 
tort is  placed  on  the  water-bath,  and  gently  heated,  till  the  iron 
is  completely  dissolved.  It  is  then  allowed  to  cool  in  the  cur- 
rent of  hydrogen,  which  is  afterwards  strengthened,  and  the  ni- 
trate weighed  in  a  small  tube  is  thrown  in  with  the  tube,  through 
the  neck  of  the  retort.  The  quantity  of  the  nitrate  should  be 
calculated,  so  that  it  may  only  contain  about  0*200  gramme  of 
nitric  acid.  After  the  union  of  the  neck  of  the  retort  with  the 
U  tube,  the  contents  of  the  retort  are  heated  on  the  water-bath 
for  about  a  quarter  of  an  hour,  the  water-bath  is  then  removed, 
and  heat  is  applied  by  a  lamp  so  as  to  produce  strong  ebul- 
lition, until  the  solution,  which  has  a  dark  colour  from  the  ab- 
sorbed nitric  oxide  gas,  has  acquired  the  colour  of  perchloride 
of  iron,  after  reaching  this  point,  the  boiling  is  continued  for 
a  few  minutes.  Every  time  the  fluid  is  agitated,  care  must 
be  taken  that  dry  salt  is  never  deposited  on  the  walls  of  the 
retort.  Before  the  boiling  is  stopped,  the  current  of  hydro- 
gen gas  is  strengthened  in  order  to  prevent  the  entrance  of 
air  through  the  U  tube  when  the  lamp  is  removed.  The  retort 
is  allowed  to  cool  in  the  current  of  hydrogen,  the  contents 
are  much  diluted  with  water,  and  finally  the  iron  still  existing 
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as  protoxide^  is  defcermined  with  solution  of  peimaDgaziate  of 
potassa. 

This  method  may,  according  to  the  author,  he  employed  with 
the  greatest  confidence  when  no  organic  matters  are  present. 

Instead  of  estimating  the  amount  of  protoxide  of  iron  on 
which  the  nitric  acid  has  not  acted,  by  permanganate  of  potassa, 
Braun  (Journ.  fur  Prakt.  Chem.,  lixxi.  421)  determines  the 
amount  of  peroxide  formed,  by  means  of  iodide  of  potassium 
and  hyposulphite  of  soda.  The  percbloride  of  iron  decomposes 
the  iodide  of  potassium,  and  sets  the  iodine  at  liberty,  even  in 
the  cold,  but  more  completely  when  the  reaction  is  assisted  by  a 
gentle  heat.  The  free  iodine  is  estimated  by  a  normal  solution 
of  the  hyposulphite,  after  having  added  a  small  quantity  of 
starch  paste.  The  normal  solution  of  hyposulphite  of  soda  is 
prepared  either  by  dissolving  a  known  weight  of  the  salt  in 
a  similarly  known  weight  of  water,  or  by  standardizing  with  a 
solution  of  hyposulphite  of  unknown  strength,  the  iodine  set 
free  by  percbloride  of  iron  prepared  ^m  a  known  weight  of 
metallic  iron. 

IX.  Gay'Lmsous^s  method^  modified  by  Abel  and  Bloxam, — ^Tbe 
nitrate  is  converted  into  carbonate  by  fusion  with  charcoal^  and 
the  amount  of  alkaline  carbonate  is  determined  by  a  standard 
solution  of  sulphuric  acid.  In  order  to  moderate  the  evolution 
of  nitrogen  gas,  a  certain  quantity  of  pure  common  salt  is  added 
to  the  mixture.  The  proportions  usually  employed,  are  1  part 
of  lamp-black,  4  of  nitre,  and  24  of  salt,  to  20  of  nitre.  The 
nitre  and  charcoal  are  first  mixed  in  a  platinum  crucible  with  a 
glass  rod,  the  chloride  of  sodium  is  then  added,  and  an  intimate 
mixture  of  the  whole  is  made.  The  crucible  is  covered  and 
heated,  cautiously  at  first,  to  prevent  too  violent  deflagration, 
and  afterwards  for  a  few  minutes  at  a  red  temperature ;  when 
cold,  the  contents  of  the  crucible  are  washed  into  a  flask, 
treated  with  hot  water,  the  residual  carbon  filtered  off,  and  the 
alkalinity  of  the  solution  then  determined  by  a  normal  solution 
of  sulphuric  acid. 

Abel  and  Bloxam,  who  have  thoroughly  investigated  this 
method,  likewise  (Quart.  Journ.  Chem.  Soc,  vol.  ix.  p.  110, 
and  vol.  x.  p.  107)  employ  an  acid  so  far  diluted  that  a  little 
less  than  1000  grain-measures  are  required  to  neutralize  the 
amount  of  carbonate  of  potassa,  corresponding  to  20  grains  of 
nitre.  An  acid  of  this  description  contains  from  8*0  to  8*5 
grains  of  anhydrous  acid  in  1000  grain-measures.   The  strength 
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of  the  acid  having  been  approximately  ascerfcained  by  the  neu- 
tralisation  of  a  known  weight  of  carbonate  of  soda,  is  finally 
determined  with  the  greatest  possible  accuracy  by  precipitation 
as  sulphate  of  baryta.  In  performing  the  alkalimetrical  assay 
a  sufficient  quantity  of  aqueous  solution  of  litmus  is  added  to 
imparj;  a  deep  blue  colour  to  the  liquid  ;  the  standard  acid  is 
then  added  until  it  acquires  a  wine-red  tint  from  the  dissolved 
carbonic  acid ;  the  liquid  is  then  boiled,  and  the  acid  very  care- 
fully added,  drop  by  drop,  until  the  peculiar  onion-skin  red 
colour  imparted  by  the  stronger  acids  to  litmus,  is  obtained. 
The  accurate  appreciation  of  the  colour  is  much  facilitated  by 
using  as  a  standard  of  comparison,  a  similar  quantity  of  co- 
loured water  to  which  a  few  drops  of  sulphuric  acid  have  been 
added. 

A  great  number  of  experiments  made  by  Abel  and  Bloxam 
disclosed  a  considerable  uncertainty  in  the  above  method ;  this 
they  traced  to  the  following  facts: — 1.  That  a  considerable 
quantity  of  nitre  may  escape  decomposition  at  a  high  tempe- 
rature, even  when  intimately  mixed  with  an  excess  of  finely 
divided  carbon,  and  although  vivid  deflagration  of  another  por- 
tion of  the  nitre  had  taken  place  in  its  immediate  neighbour- 
hood. 2.  That  in  the  deflagration  of  a  mixture  of  nitre,  salt, 
and  charcoal,  hinoxide  of  nitrogen  is  evolved  in  large  quantity. 
8.  That  in  the  deflagration,  cyanide  of  potassium  is  formed, 
and  that,  even  where  much  care  had  been  taken  to  remove 
moisture  from  the  materials,  a  notable  quantity  of  ammonia  is 
evolved.  4.  That  the  oxidation  of  cyanide  of  potassium  by  ex- 
posure to  the  air  at  a  high  temperature  is  not  prevented  by  the 
presence  of  carbon  in  a  finely  divided  state,  or  even  by  covering 
it  with  a  layer  of  carbon.  By  substituting  pure,  ignited,  and 
finely  divided  graphite  for  charcoal,  in  the  conversion  of  the 
nitre  into  carbonate  of  potassa,  and  by  the  subsequent  treat- 
ment of  the  fused  mass  with  chlorate  of  potassa  in  order  to 
oxidize  the  cyanate  of  potassa  formed  by  the  oxidation,  of  the 
cyanide  of  potassium,  and  to  obviate  the  errors  which  may 
arise  from  the  reduction  of  any  sulphates  which  may  be  present, 
Abel  and  Bloxam  succeeded  in  obtaining  very  accurate  results. 
The  proportions  they  recommend  are  20  grains  of  nitre,  5  grains 
of  ignited  graphite,  and  80  grains  of  pure  common  salt.  The 
crucible,  covered  with  a  jacket,  should  be  loosely  covered,  and 
moderately  heated  for  two  or  three  minutes  over  the  gause 
gas-burner ;  it  should  then  be  allowed  to  cool  to  such  an  extent 
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that  chlorate  of  potassa  shall  not  fase  when  sprinkled  upon 
the  mass.  About  25  grains  of  the  chlorate  are  added,  so  as  to 
form  a  layer  upon  the  surface.  A  very  gentle  heat  is  first 
applied,  until  most  of  the  chlorate  has  been  decomposed,  when 
the  temperature  is  raised  to  bright  redness,  and  maintained  in 
that  state  for  two  or  three  minutes ;  when  cool  the  mas^  is  to 
be  carefully  shaken  out  of  the  crucible  into  a  funnel,  and  the 
crucible  and  cover  washed  with  boiling  water.  Tlie  mass  is 
dissolved  by  a  stream  of  hot  water  from  a  washing-bottle,  and  , 
the  solution  allowed  to  run  into  the  flask  in  which  the  determi- 
nation is  to  be  made ;  the  liquid  is  coloured  with  litmus,  and 
neutralized  with  the  standard  acid. 

Estimation  of  Nitric  Acid  by  conversion  into  Ammonia 
(Schulz,  Chera.  Centralblatt,  No.  68 ;  and  Vernon  Harcourt^ 
Joum.  Chem.  Soc,  vol.  xv.  p.  381). — When  a  moderately  con- 
centrated solution  of  potassa  is  poured  upon  a  mixture  of  iron 
and  zinc,  hydrogen  gas  is  freely  disengaged,  even  without  the 
application  of  heat ;  the  action  is  electrolytic ;  the  zinc  is  oxi- 
dized, and  the  hydrogen  formed  upon  the  surface  of  the  iron. 
If  a  nitrate  be  aaded  to  the  mixture  evolving  hydrogen,  ammonia 
is  immediately  produced,  This  reaction  furnishes  a  good  quali- 
tative test  for  nitric  acid.  The  fluid  to  be  examined  is  reduced 
to  a  small  bulk,  and  poured  into  a  test-tube  containing  a  mix- 
ture of  granulated  zinc  and  clean  iron  filings ;  a  small  quantity 
of  strong  solution  of  potassa  is  then  added;  the  mixture  is 
heated,  and  the  gases  evolved  are  led  into  a  small  quantity  of 
dilute  hydrochloric  acid.  The  acid  solution  is  supersaturated 
with  potassa,  and  tested  with  a  drop  of  potassio-iodide  of  mer- 
cury (p.  64).  To  apply  this  reaction  to  the  quantitative  de- 
termination of  nitric  acid  in  a  nitrate,  Harcourt  proceeds  as 
follows : — A  flask,  having  a  capacity  of  about  12  cubic  inches, 
is  connected  by  a  bent  tube  drawn  out  and  recurved  at  its  ex- 
tremity, with  a  smaller  flask  or  bulb,  and  the  two  are  so  arranged 
that  they  both  rest  at  a  considerable  angle  of  inclination,  upon 
a  sand-bath.  The  smaller  flask,  into  which  a  little  water  is 
poured,  is  connected  with  a  condenser  which  leads  into  a  tubu- 
lated receiver  containing  normal  sulphuric  acid  coloured  with 
litmus;  the  end  of  the  distilling- tube  reaches  to  about  the 
middle  of  the  receiver,  through  the  tubulure  of  which  is  in- 
serted a  tube  with  two  or  more  bulbs,  containing  also  coloured 
normal  acid.  In  the  upper  part  of  the  condensing-tube  is  a 
small  tubulure ;  during  the  process  of  distillation,  this  is  closed 
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by  an  india-rubber  plug,  which  may  be  removed  after  the  opera- 
tion, is  over  for  the  purpose  of  sending  a  stream  of  water  down 
the  tube  to  remove  all  traces  of  ammonia  from  its  sides.  Into 
the  birger,  or  distilling  flask,  are  introduced  700  or  750  grains 
of  granulated  zinc,  with  about  half  that  quantity  of  clean  iron 
filings,  which  have  been  recently  ignited  in  a  covered  crucible, 
then  the  weighed  nitrate  with  water  sufficient  to  dissolve  it, 
and  lastly,  a  considerable  excess  of  strong  solution  of  caustic 
tpotassa;  the  flask  is  immediately  connected  with  the  con* 
densing  apparatus  and  heat  applied ;  when  the  distillation  has 
actually  commenced  the  water  in  the  second  flask  is  made  to 
boil  gently :  by  this  arrangement  the  fluid  is  twice  distilled, 
and  any  traces  of  potassa  which  may  have  passed  over  from  the 
distilling-flask  are  sure  to  be  retained.  In  his  experiments  . 
with  nitre,  Harcourt  has  generally  taken  0*5  grain  of  that  sub- 
stance, 20  cub.  cent,  of  water,  and  the  same  volume  of  solution 
of  potassa,  sp.  gr.  1*3 ;  with  these  quantities  the  distillation 
occupies  about  an  hour  aud  a  half;  it  is  completed  when  the 
hydrogen  is  pretty  freely  liberated,  as  the  potassa  becomes 
concentrated ;  the  lamp  is  then  removed,  and  the  whole  allowed 
to  cool ;  the  distilling-tube  is  rinsed  into  the  receiver,  and  the 
determination  is  completed  by  adding  standard  alkali  from  a 
burette  to  the  fluid  in  the  receiver  till  a  change  of  colour 
appears ;  with  alkaline  nitrates  this  method  gives  very  exact 
results ;  with  the  nitrates  of  the  heavy  metals  the  results  do 
not  appear  to  be  quite  so  satisfactory. 

Pugh'8  method  (Quart.  Joum.  Chem.  Soc,  vol.xii.  p.  85). — 
This  process  is  based  on  the  fact  that  when  a  nitrate  is  digested 
under  pressure  at  a  temperature  of  about  320^  F.,  with  an  ex- 
cess of  protochloride  of  tin,  and  hydrochloric  acid,  the  following 
reaction  occurs : — 

N06  +  8(SnCl+HCl)=NHs+8(SnCl8)  +  5HO. 
1  equivalent  of  nitric  acid  therefore,  under  the  above  condi- 
tions, converts  8  equivalents  of  tin  from  proto-  to  perchloride ; 
consequently  if  an  unknown  quantity  of  nitric  acid  be  digested 
with  sufficient  excess  of  solution  of  protochloride  of  tin  of 
known  strength,  and  the  quantity  changed  into  perchloride  be 
afterwards  found  by  a  suitable  method  of  titration,  the  propor- 
tion of  nitric  acid  will  be  found, — supposing  in  all  cases  that 
no  other  substance  is  present  capable  of  effecting  the  same 
change  in  the  tin  solution.  For  the  purpose  of  estimating  the 
amount  of  tin  oxidized,  Fugh  adopts  the  method  proposed  by 
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Streng  (Pogg.  Ann.  xcii.  57),  which  consists  in  ascertaining 
how  much  of  a  solution  of  bichromate  of  potassa  of  known 
strength,  is  necessary  to  convert  a  given  amount  of  protochlo- 
ride  of  tin  in  hydrochloric  acid  into  perchloride,  the  point  of 
complete  chloridation  being  known  by  the  deep  blue  colour 
produced  by  the  liberation  of  iodine  from  iodide  of  potassium, 
in  the  presence  of  starch,  by  the  first  drop  of  bichromate  of 
potassa  solution  above  that  necessary  to  raise  the  protochloride 
to  perchloride.  According  to  Sutton,  however  (*  Volumetric  # 
Analysis,'  p.  60),  this  method  is  not  satisfactory,  owing  to  the 
variable  amount  of  oxidation  which  the  tin  solution  undergoes 
when  different  quantities  of  water  or  acid  are  present  during 
the  titration ;  he  therefore  adopts  the  following  method  pro- 
posed by  Lessen  : — Metallic  tin  or  its  protosalt  is  dissolved  in 
hydrochloric  acid,  if  not  already  in  solution,  a  tolerable  quantity 
of  the  double  tartrate  of  soda  and  potassa  added,  together  with 
bicarbonate  of  soda  in  excess.  If  enough  tartrate  is  present 
the  solution  will  be  clear ;  starch  liquor  is  then  added,  and  the 
mixture  titrated  with  a  decinormal  solution  of  iodine,  till  the 
blue  colour  is  permanent.  For  details  respecting  this  elegant 
volumetric  method  we  must  refer  to  Pugh's  memoir,  or  to 
Sutton's  very  useful  work,  referred  to  above. 

204.  Chlobic  Acid. 

When  this  acid  exists  in  a  free  state  in  aqueous  solution,  it 
is  most  simply  estimated,  according  to  Fresenius,  by  converting 
it  into  hydrochloric  acid  by  means  of  sulphurous  acid,  in  the 
following  manner: — The  solution  is  mixed  with  a  considerable 
excess  of  an  aqueous  solution  of  sulphurous  acid,  and  well  agi- 
tated ;  the  flask  is  then  stopped,  and  its  contents  digested  for 
some  time.  The  excess  of  sulphurous  acid  is  then  removed  by 
bichromate  of  potassa,  and  the  liquid,  being  acidified  with  nitric 
acid,  is  precipitated  with  nitrate  of  silver,  and  the  amount  of 
chloric  acid  originally  present  calculated  from  the  quantity  of 
chloride  of  silver  obtained. 

Chlorates  are  analysed  either  by  measuring  the  volume  of 
oxygen  gas  which  they  evolve  by  their  decomposition,  or  by 
exposing  a  known  weight  to  ignition  and  calculating  the 
amount  of  chloric  acid  from  the  loss  of  weight  thereby  ex- 
perienced ;  should  the  salt  under  examination  contain  water  of 
crystallization,  it  must  be  ignited  in  a  retort  of  hard  glass,  to 
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which  there  is  attached  a  weighed  tube  containing  chloride  of 
calcium. 

When  a  chloride  and  a  ehlorate  are  contained  in  the  same  so- 
lution, and  are  each  to  be  estimated,  the  amount  of  chlorine  in 
the  chloride  is  first  determined  in  a  weighed  quantity  of  the 
solution,  by  precipitating  it  as  chloride  of  silver,  another  weig^hed 
portion  of  the  solution  is  evaporated  to  dryness  and  ignitea,  by 
which  the  chlorate  present  is  converted  into  chloride,  it  is  then 
redisBolved  in  water,  and  precipitated  by  nitrate  of  silver ;  from 
the  amount  obtained  we  have  merely  to  deduct  that  yielded  by 
the  first  experiment  to  obtain  the  requisite  data  for  calculating 
the  quantity  of  chloric  acid. 
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CHAPTER  IX. 

ON  THE   ELEMENTARY  ANALYSIS   OF   ORGANIC  BODIES. 

205.  Numerous  and  diversified  as  are  the  forms  and  properties 
of  vegetable  and  animal  substances,  and  complex  as  is,  in  general, 
their  composition,  they  are  neverthelejjs  made  up  of  a  very  few 
of  the  so-called  elements  of  the  material  world.  A  vast  number 
of  organic  substances  consist  but  of  three  of  these  elements, 
viz.  carbon,  hydrogen,  and  oxygen^y  and  very  many  contain  only 
two,  carbon  and  hydrogen.  There  is,  again,  a  very  large  class  of 
organic  bodies  into  the  composition  of  which  nitrogen  enters  in 
conjunction  with  carbon,  hydrogen,  and  oxygen,  and  there  are 
others  to  which,  together  with  these  four  principles,  «//p^«r  and 
phosphorus,  iron,  manganese,  and  a  few  other  elements  appear  to 
be  essential.  Thus,  of  the  sixty-three  substances  at  present  re- 
cognized by  chemists  as  elementary,  not  more  than  ten  or  a 
dozen  are  found  in  the  organic  world.  It  is  true  that  organic 
compounds  may  contain  other  bodies;  but  such  are  of  artificial 
production,  and  do  not  therefore  militate  against  the  fact  we 
have  just  stated,  viz.  that  by  far  the  greater  number  of  that 
almost  bewildering  variety  of  substances  which  we  meet  with  aa 
the  products  of  animal  and  vegetable  life,  and  of  their  reactions 
on  each  other,  are  constituted  of  three  or  four  only  of  tlie 
elementary  bodies,  and  that  about  a  dozen  of  them  are  the 
most  that  are  ever  found  to  enter  into  their  composition. 

The  older  chemists,  being  unacquainted  with  any  methods  of 
resolving  organic  substances  into  their  ultimate  constituents, 
or  of  re-arranging  their  elements  into  such  forms  of  combination 
as  might  enable  them  to  pronounce  upon  their  constitution, 
were  obliged  to  satisfy  themselves  with  the  examination  of  the 
results  of  their  destructive  distillation;  they  thus  resolved 
them  into  a  series  of  products  which,  being  liable  to  infinite 
variation  dependent  upon  the  manner  in  which  the  distillation 
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was  effected,  and  the  degree  of  heat  employed,  could,  it  is  ob-* 
vious,  throw  but  little  light  on  the  composition  or  properties  of 
the  substance  under  examination.  A  vast  number  of  analyses 
were,  however,  made  in  this  way  by  the  earlier  pneumatic 
chemists,  of  whom  Hales  and  the  celebrated  Priestley  studied 
attentively  the  gaseous  products  of  the  operation. 

The  first  chemists  who  attempted  to  combat  the  difficulties 
which  surrounded  the  original  attempts  to  gain  an  insight  into 
the  composition  of  organic  substances,  by  the  examination  of  the 
results  of  their  combustion  in  oxygen,  were  Gay-Lussac  and  The- 
uard.  Their  method  was  to  mix  a  certain  weight  of  the  sub- 
stance to  be  analysed  into  one  or  more  pellets  with  chlorate  of 
potassa,  and  to  drop  them,  by  a  suitable  contrivance,  into  an 
Ignited  glass  tube,  receiving  the  product  of  the  combustion  into 
a  jar  filled  with  mercury  and  inverted  in  a  mercurio- pneumatic 
apparatus.  It  was  soon  found,  however,  that  a  perfect  com- 
bustion of  the  substance  could  not  be  effected  with  chlorate  of 
potassa,  in  consequence  of  the  sudden  manner  in  which  this  salt 
liberates  its  oxygen  when  exposed  to  heat.  Gay-Lussac  there- 
fore suggested  the  employment  of  oxide  of  copper,  a  substance 
which  does  not  decompose  when  ignited  alone,  but  which  readily 
yields  its  oxygen  when  heated  strongly  with  an  organic  sub- 
stance. The  idea  of  using  this  oxide  was  a  very  happy  one, 
and  there  can  be  no  doubt  that  we  owe  to  its  application,  in  a 
great  measure,  that  vast  addition  which  has  of  late  years  been 
made  to  our  knowledge  in  this  department  of  chemistry. 

Dr.  Prout  employed  an  entirely  different  method ;  it  was 
complicated,  though  exceedingly  accurate,  as  is  evident  from  the 
fact  that  the  analyses  performed  by  its  distinguished  inventor, 
are  still  regarded  as  models  of  scientific  research,  and  from  the 
circumstance  that  Dumas  was  induced  to  recur  to  it  notwith- 
standing its  complexity.  Dr.  Prout's  object  was  to  burn  the 
substance  effectually  in  oxygen  gas ;  in  which  case,  supposing 
it  to  contain  three  elements, — hydrogen,  carbon,  and  oxygen, — 
one  of  three  things  must  happen : — Ist,  the  original  bulk  of  the 
oxygen  must  remain  the  same,  in  which  case  the  hydrogen  and 
oxygen  in  the  substance  exist  in  it  in  the  same  proportion  in 
which  they  exist  in  water ;  or  2nd,  the  original  bulk  of  the  oxy- 
gen is  increased,  in  which  case  that  element  must  exist  in  the 
compound  in  a  greater  proportion  than  it  exists  in  water ;  or 
3rd,  the  original  bulk  of  the  oxygen  is  diminished,  in  which  case 
the  hydrogen  must  predominate.     In  the  first  case,  the  compo- 
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sition  of  a  substance  may  be  known  by  determining  the  quantity 
of  carbonic  acid  gas  yielded  by  a  known  quantity  of  it ;  while  in 
the  other  two,  the  same  can  be  readily  ascertained  from  the  same 
data,  by  noting  the  excess  or  diminution  of  the  original  bulk 
of  oxygen.  For  full  details  respecting  the  manner  of  conduct- 
in^  the  whole  operation,  the  student  is  referred  to  Dr.  Front's 
original  paper  in  the  Philosophical  Transactions  for  1827,  or  to 
an  abstract  of  the  same  in  Brando's '  Manual  of  Chemistry,'  where 
he  will  also  find  woodcut  illustrations  of  the  different  parts  of 
the  apparatus.  We  must  content  ourselves  here  with  a  general 
statement  of  the  advantages  of  this  method  of  analysing  organic 
compounds,  as  summed  up  by  the  inventor.  In  the  first  and 
chief  place,  there  is  nothing  to  be  apprehended  from  moisture. 
Whetoer  the  substance  to  be  analysed  be  naturally  a  hydrate, 
or  in  whatever  state  it  may  be  with  respect  to  water,  the 
results  will  not  be  affected ;  and  the  great  problem  whether  the 
hydrogen  and  oxygen  exist  in  the  substance  in  the  proportions 
in  which  they  form  water,  or  whether  the  hydrogen  or  the  oxy- 
gen predominates,  will  be  equally  satisfactorily  solved,  and  that 
(within  certain  limits^)  independently  of  the  weight  of  the  sub- 
stance operated  on.  When,  however,  it  is  the  object  to  ascer- 
tain the  quantity  of  carbonic  acid  gas  and  water  yielded  by  a 
substance,  it  is  of  course  necessary  to  operate  on  a  known 
weight ;  but  this  being  once  determined,  there  is  no  fear,  as  in 
the  then  common  methods,  of  exposing  the  substance  to  the 
atmosphere  as  long  as  may  be  necessary.  The  hygrometric 
properties  of  the  oxide  of  copper,  as  well  as  its  property  of  con- 
densing air,  are  also  completely  neutralized,  for  the  whole, 
at  the  end  of  the  experiment,  being  left  precisely  in  the  same 
state  as  it  was  at  the  commencement,  the  same  condensation  of 
course  must  take  place,  and  any  little  differences  that  may  exist, 
are  rendered  quite  unimportant  from  the  bulk  of  oxygen  gas 
operated  on,  which  of  course,  in  all  cases,  should  be  consider- 
ably greater  than  that  of  the  carbonic  acid  gas  formed.  An- 
other advantage  of  this  method  is,  that  pcffect  combu9t%on  is 
ensured  by  it.  There  is,  also,  no  trouble  of  collecting  and  esti- 
mating the  quantity  of  water,  a  part  of  the  common  process 
attended  with  much  trouble,  and  liable  to  innumerable  acciden- 
tal errors ;  here,  on  the  contrary,  the  results  are  obtained  in  an 
obvious  and  permanent  form,  and,  from  the  ease  with  which 
they  are  thus  verified,  comparatively  very  little  subject  to  error. 
We  shall  now  proceed  to  describe, somewhat  in  detail,  the  more 
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modem  methods  of  analysing  organic  substances,  for  the  perfec* 
tion  of  which  the  scientific  world  is  mainly  indebted  to  Baron 
Liebig.  This  method  combines  with  great  exactness  such  sim- 
plicity of  execution,  that  it  is  frequently  resorted  to  as  the 
easiest  method  of  testing  the  purity  of  a  substance ;  and  it  is 
generally  admitted  that  to  its  invention  must  be  ascribed  the 
rapid  progress  of  organic  chemistry  within  the  last  few  years. 
The  process  consists  in  burning  the  organic  substance  together 
with  oxide  of  copper  or  chromate  of  lead,  by  which  its  carbon 
is  converted  into  carbonic  acid  and  its  hydrogen  into  water, 
both  of  which  are  collected  and  weighed ;  if  the  body  contain 
nitrogen,  it  is  either  collected  in  a  gaseous  state,  or  is  deter- 
mined by  other  methods,  and  the  oxygen  is  calculated  by  de- 
ducting from  the  original  weight  of  the  substance  analysed,  the 
combined  weights  of  the  carbon,  hydrogen,  and  nitrogen  formed. 

206.  Preliminary  testing  of  the  Organic  Substance. — Before 
commencing  the  ultimate  analysis  of  an  organic  compound,  the 
operator  must  assure  himself  of  its  purit^r.  The  presence  or 
absence  of  inorganic  non-volatile  matter  is  easily  ascertained 
by  heating  the  substance  on  platinum  foil  over  a  spirit  lamp, 
and,  if  necessary,  urging  the  flame  with  the  blowpipe ;  if  it 
does  not  wholly  disappear,  the  residue  must  be  minutely  ex- 
amined ;  and  if  it  has  been  determined  to  proceed  with  the  ulti- 
mate analysis  of  the  compound,  notwithstanding  the  presence 
of  inorganic  matter,  the  amount  of  the  latter  must  be  accurately 
ascertained.  We  will  suppose,  however,  that  the  substance  has 
been  proved  to  be  free  from  inorganic  non- volatile  matter ;  it 
has  next  to  be  tested  for  nitrogen,  sulphur,  and  phosphorus, 

a.  Testing  for  Nitrogen. — It  the  quantity  of  this  element  be 
large  it  is  easily  detected  by  simply  burning  the  body,  which 
emits  during  ignition  a  smell  of  singed  hair.  In  smaller  quan- 
tities, it  may  be  detected  by  mixing  the  substance  with  soda-lime, 
and  heating  it  in  a  test-tube ;  the  water  of  the  hydrate  is  thereby 
decomposed,  its  oxygen  passing  to  the  carbon  and  hydrogen  of 
the  organic  substance,  and  its  hydrogen  to  the  nitrogen  (if  it 
contain  any),  giving  rise  to  the  formation  of  ammonia,  which 
may  be  detected  at  the  orifice  of  the  tube  by  holding  near  it 
a  feather,  moistened  with  strong  acetic  acid.  The  following 
beautiful  and  delicate  test  for  minute  quantities  of  nitrogen  in 
organic  substances,  was  recommended  by  Lassaigne  ( Biblio- 
theque  Univ.,  April,  184«3).  It  is  based  on  the  facility  with 
which  cyanide  of  potassium  is  formed  when  an  oi^anic  sub- 
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stance,  containing  even  very  little  nitrogen,  is  calcined  at  a  red« 
heat  and  protected  from  the  atmosphere,  together  with  an  ex- 
cess of  potassium.  A  small  piece  of  this  metal  is  placed  at  the 
bottom  of  a  tube,  and  the  matter  to  be  tested  is  then  added. 
The  end  of  the  tube  is  heated  to  a  dark  red  in  the  flame  of  a 
lamp,  then  left  to  cool,  and  the  potassa  salt,  formed  by  the  cal- 
cination, dissolved  with  four  or  five  drops  of  distilled  water. 
The  decanted  liquor  is  tested  with  a  drop  of  solution  of  ferroso- 
ferric  oxide  (magnetic  oxide  of  iron) ;  a  dirty  greenish  precipi- 
tate is  immediately  formed,  which  being  brought  into  contact 
with  a  drop  of  hydrochloric  acid,  becomes  a  dark  blue,  if  the 
matter  under  examination  contain  a  trace  of  nitrogen.  In  the 
contrary  case,  the  precipitate  of  the  hydrated  oxide  of  iron  is 
entirely  redissolved,  without  any  blue  colouring.  Lassaigne 
found  that  neither  potassa  nor  its  carbonate  could  be  substituted 
for  potassium  in  this  process,  neither  is  it  applicable  when  the 
organic  substance  is  accidentally  mixed  with  a  nitrate,  or  with 
an  ammoniacal  salt.  Of  these  two  methods  of  testing  for  ni« 
trogen,  the  latter  is  in  its  indications  the  least  liable  to  miscon- 
struction. If  the  organic  compound  contain  nitrogen  in  chemi- 
cal combination  with  oxygen,  the  presence  of  that  element  is 
readily  detected  by  heating  the  substance  in  a  tube  and  holding 
over  the  mouth  a  piece  of  paper  moistened  with  solution  of 
starch,  to  which  a  drop  of  iodide  of  potassium  has  been  added, 
a  blue  colour  is  imparted  to  the  paper  if  nitrous  or  nitric  acids 
be  present. 

b.  Testing  for  and  estimation  of  Sulphur. — A  variety  of  me- 
thods have  been  proposed  for  detecting  and  estimating  the 
amount  of  this  element  in  organic  substances.  The  following 
are  the  most  reliable : — 

I.  jRUling^ a, process  (Chem.  Gaz.,vol.  iv.  p.  362). — The  finely 
pulverized  suDstance  is  fused  in  a  spacious  silver  dish,  with 
about  twelve  times  its  weight  of  caustic  potassa,  perfectly  free 
from  sulphuric  acid  ;  it  is  then  mixed  with  pure  nitre,  in  weight 
equal  to  about  half  the  potassa  employed,  and  heated  till  the 
fused  mass  appears  perfectly  white.  The  whole  is  then  super- 
saturated with  hydrochloric  acid,  and  a  salt  of  baryta  added : 
the  formation  of  a  white  precipitate  indicates  sulphur.  It  con- 
sists of  sulphate  of  baryta,  and  is  collected,  washed,  dried,  and 
ignited.  It  weight  furnishes  the  datum  for  calculating  the 
amount  of  sulphur  originally  present  in  the  substance. 

II.  Kemp*s  process  (Chem.  Gaz.,  vol.  iv.  p.  371).  — Fine 
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quartz  sand,  which  has  been  carefully  tested  for  sulphuric  acid, 
is  mixed  with  chlorate  of  potassa,  in  the  proportion  of  two-thirds 
of  the  former  to  one-third  of  the  latter.  The  substance  to  be 
examined  is  intimately  mixed  with  the  above,  introduced  into  a 
large  platinum  crucible,  and  exposed  to  a  high  temperature  over 
a  spint-lamp.  The  process  is  completed  in  a  few  seconds.  The 
contents  of  the  crucible  are  treated  with  boiling  distilled  water, 
the  insoluble  portion  separated  hj  filtration,  and  washed  till  no 
traces  of  sulphuric  acid  remain :  the  sulphates  and  phosphates, 
if  any  exist,  may  by  this  plan  be  estimated  simultaneously  by 
means  of  a  salt  of  baryta.  The  object  of  the  sand  is  to  prevent 
the  too  rapid  oxidation  of  the  organic  body,  and  the  nsk  of  a 
portion  being  thrown  out  of  the  crucible. 

III.  Weidenduseh*8  process  (Liehig's  *Annalen/  March,  1847). 
— The  substance  is  mixed  with  an  excess  of  nitrate  of  baryta, 
and  stirred  in  a  beaker  glass,  with  the  most  concentrated 
fuming  nitric  acid,  to  a  thin  paste ;  the  beaker  is  covered  and 
exposed  to  the  temperature  of  the  sand-bath,  replacing  the 
evaporated  nitric  acid  until  the  organic  substance  is  entirely 
destroyed,  which  is  perceptible  from  the  circumstance  that  on 
evaporating  the  nitric  acid  still  present,  the  mass  begins  to 
thicken,  but  no  longer  ascends  in  large  bubbles  in  the  glass, 
and  dries  quietly  without  frothing.  The  decomposed  mass  is 
now  carefully  washed  into  a  platinum  dish,  dried  at  212°,  and 
then  heated  gradually,  until  the  saline  mass  is  perfectly  liquid. 
If  the  organic  substance  had  not  been  completely  destroyed  ^y 
the  nitric  acid,  it  frequently  happens  that  the  mass  takes  fire, 
and  a  portion  is  projected  from  the  slight  deflagration.  This 
must  be  avoided,  as  it  occasions  a  loss  of  substance ;  but,  even 
though  this  were  not  the  case,  a  smaller  quantity  of  sulphate 
of  baryta  would  probably  be  obtained,  since  it  appears  that  the 
sulphur  still  contained  in  organic  combination  is  not  oxidized 
so  readily  by  the  deflagration  of  the  mass,  as  by  the  slow  action 
of  the  nitric  acid.  The  fudod  mass  is  carefully  removed  from 
the  platinum  dish,  treated  with  dilute  acetic  acid,  and  heat 
applied  as  long  as  any  evolution  of  gas  is  perceptible.  The 
carbonate  of  baryta  is  decomposed,  and  the  residue  (if  any) 
consists  of  pure  sulphate,  which  is  collected  on  a  Alter,  washed, 
dried,  heated  to  redness,  again  digested  with  acetic  acid  after 
ignition,  and  again  heated  to  redness.  After  the  second  igni- 
tion it  is  perfectly  pure,  and  the  amount  of  sulphur  may  be 
calculated  from  it. 
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IT.  Seintz* 9  process  (PoggendorflTs  'Anoalen/  Ixxii.  p.  145). 
-^The  sulphur  is  converted  into  sulphuric  acid  by  burning  the 
organic  substance  with  oxygen  and  oxide  of  copper.     For  this 

Eurpose  an  ordinary  combustion-tube,  open  at  both  ends,  ia 
all  filled  with  copper  turnings,  and  a  little  vessel  containing 
the  dry  and  pulverized  substance  placed  in  the  tube,  which  is 
then  connected  with  a  bulb  apparatus,  filled  with  solution  of 
potassa,  perfectly  free  from  sulphuric  acid,  and  the  combustion 
made  in  a  current  of  oxygen.  The  contents  of  the  bulb  appa- 
ratus are  now  decanted  into  a  spacious  flask,  containing  a  warm 
solution  of  chlorate  of  potassa  in  dilute  nitric  acid,  and  closed 
with  a  glass  stopper.  The  sulphurous  acid  absorbed  by  the 
potassa,  and  which  had  formed  from  the  decomposition  of  a 
portion  of  the  sulphate  of  copper,  is  by  this  means  perfectly 
oxidized.  The  mixture  of  oxide,  sulphate,  and  metallic  copper 
is  treated  in  a  beaker  with  the  above  mixture,  and  entirely  dis* 
solved  at  a  gentle  heat ;  the  sulphuric  acid  is  precipitated  by 
chloride  of  barium,  and  estimated  as  usual.  As,  along  with  the 
sulphurous  acid,  sulphuric  acid  always  passes  over  into  the 
bulb  apparatus,  it  is  advisable,  in  order  to  avoid  all  loss  of  sul- 
phuric acid,  which  might  arise  from  condensation  of  the  latter 
on  the  cork  of  the  combustion  tube,  to  employ  a  tube  which  is 
drawn  out  at  one  extremity  at  a  very  obtuse  angle  into  a  fine 
tube,  which  fits  into  the  stronger  arm  of  a  bulb  apparatus  made 
for  the  purpose,  and  then  connected  with  caoutchouc.  The 
a\ithor  examined  taurine  by  this  process,  and  found  in  three 
experiments,  in  the  first,  25*68 ;  in  the  second,  25'66 ;  and  in 
the  third,  25*49  per  cent,  of  sulphur,  liedtenbacher's  formula, 
C4H7NO0S2,  requires  25*60  per  cent.  Tlie  combustion  must 
not  be  carried  on  too  quickly,  otherwise  a  slight  loss  might 
readily  occur  from  vapour  passing  through  the  solution  of 
potassa  without  being  absorbed  thereby.  In  illustration  of  the 
importance  of  carefully  examining  organic  substances  for  sul- 
phur, and  of  the  great  mistakes  which  mav  be  committed  from 
neglecting  to  do  so,  it  may  be  mentioned  that  the  substance 
above  alluded  to,  viz.  taurine,  which  contains  nearly  26  per 
cent,  of  sulphur,  had  originally  assigned  to  it  the  formula 
C4H7NOi0  and  was  supposed  to  be  altogether  free  from  that 
element. 

v.  Bjf  Acetate  of  Lead, — ^A  very  convenient  method  of  de- 
tecting minute  quantities  of  sulphur  in  organic  substances, 
which  does  not,  however,  enable  ua  quantitatively  to  estimate 


ELEMENTAUT   ANALYSIS   OF   ORGANIC   BODIES. 


531 


it,  is  to  boil  the  compound  nearly  to  dryness  with  a  concentra- 
ted solution  of  caustic  potassa.  The  residue  is  dissolved  in 
water,  and  introduced  into  a  flask  provided  with  a  tube  funnel ; 
a  strip  of  paper  which  has  been  thoroughly  moistened  with 
acetate  of  lead,  and  subsequently  touched  with  a  few  drops  of 
carbonate  of  ammonia,  is  suspended  inside  the  flask  between 
the  cork  and  the  neck;  on  pouring  a  little  dilute  hydrochloric 
acid  slowly  through  the  tube-funnel,  sulphuretted  hydrogen 
gas  will  be  evolved,  should  sulphur  be  present,  and  the  lead- 
paper  will  turn  brown. 

c.  Testing  for  ^  and  estimation  of  Phosphorus, — The  substance 
may  be  oxidized  by  the  process  of  either  Buling  or  Kemp,  or 
with  fuming  nitric  acid,  or  with  a  mixture  of  nitric  acid  and 
chlorate  of  potassa,  and  the  solutions  obtained  may  be  examined 
for  phosphoric  acid  by  one  of  the  methods  described  in  the  sec- 
tion on  "  FHOSPHOBIC  ACID." 

(1.)  Analysis  of  non-volatile  Solids,  not  containing  Nitrogen. 
— ^The  first  important  point  is  to  dry  the  substance  thoroughly. 
This  is  done  either  in  the  water  or  air-bath,  or  in  vacuo  ovt-r 
sulphuric  acid,  or  by  any  other  of  the  methods  described  in  the 
first  chapter  of  this  treatise,  the  means  employed  depending  on 
the  physical  and  chemical  characters  of  the  substance  under  ex- 
amination. With  the  view  of  illustrating  the  details  of  the 
whole  operation,  we  will  take,  as  the  simplest  case  that  can  be 
brought  before  the  student,  the  analysis  of  the  crystallizable 
sugar  of  manna,  namely,  mannite^  giving  the  results  as  they  oc- 
curred in  an  actual  analysis. 

The  crystalline  svgar,  having  been  finely  pul« 
verized,  is  dried  in  a  watch-glass  in  the  water- 
bath  until  two  weighings,  made  at  the  interval 
of  half  an  hour  from  each  other,  furnish  a  con- 
stant result.  The  fine  powder  is  now  introduced 
into  a  small  stoppered  bottle,  the  exact  size  and 
shape  of  Pig.  85.  The  weight  of  the  bottle  (which 
is  kept  in  the  water-bath  along  with  the  substance, 
to  ensure  its  being  thoroughly  dry)  is,  when  empty 
76*66  grains,  and,  when  filled  with  the  maimit«, 
84*76  grains. 

A  Hessian  crucible,  of  the  capacity  of  about 
four  ounces,  is  nearly  filled  with  oxide  of  copper, 
carefully  prepared  in  the  following  manner: — 
Some  shreds  of  pure  copper  (clippings  from  elec- 
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trotjpes)  are  dissolved  in  pure  nitric  acid;  the  solution  is 
evaporated  to  drj'ness  in  a  porcelain  basin,  and  the  residual 
basic  salt  heated  to  moderate  redness  in  a  Hessian  crucible, 
until  fumes  of  nitrous  vapour  cease  to  be  evolved.  It  is  con- 
stantly stirred  during  the  ignition  with  a  copper  rod,  to  pro- 
mote the  escape  of  the  gas.  The  last  traces  of  nitric  acid  ad- 
here somewhat  obstinately  to  the  oxide  of  copper ;  the  process 
should  not,  therefore,  be  hurried,  but  it  is  better  to  keep 
up  a  moderate  heat  for  a  considerable  time  than  to  attempt 
to  quicken  the  operation  by  urging  the  fire,  as  in  this  case 
the  lower  portions  of  the  oxide  are  apt  to  fuse,  and,  on  cool- 
ing, the  mass  becomes  so  hard  that  it  is  difiicult  to  remove 
it  from  the  crucible,  and  subsequently,  to  reduce  it  to  powder. 
Before  considering  the  process  to  be  finished,  a  portion  of 
the  oxide  should  be  tested ;  with  which  view  a  small  quantity 
is  introduced  into  a  tube  of  combustion  glass  and  strongly 
heated,  the  aperture  of  the  tube  being  closed  with  the  finger. 
On  removing  the  latter  the  smell  will  generally  indicate  the 
existence  of  nitrous  vapours,  and  the  tube  itself  should  be 
carefully  examined  for  the  appearance  of  ruddy  fumes.  The 
decomposition  being  complete,  the  oxide  is  allowed  to  cool,  then 
transferred  to  a  mortar,  in  which  it  is  reduced  to  a  tolerably 
fine  powder,  after  which  it  is  fit  for  use,  and  may  be  preserved 
in  a  wide-mouth  stoppered  bottle.  The  same  oxide  may  be 
employed  for  several  experiments  :  by  merely  pouring  a  little 
acid  on  it,  the  metal  is  oxidized  afresh,  and  the  oxide  is  restored 
to  its  former  purity  by  calcination.  The  Hessian  crucible  above 
alluded  to  is  nearly  filled  with  oxide  of  copper  thus  prepared : — 
its  cover  is  put  on,  and  it  is  placed  among  the  coals  of  a  coal  or 
charcoal  fire,  taking  the  greatest  care  that  no  organic  matter 
from  the  fire  comes  accidentally  into  contact  with  it.  It  is  heated 
to  low  redness :  meanwhile,  the  other  materials  required  for 
the  analysis  are  being  prepared. 

(a.)  The  Combustiofi  Tube. — This  is  drawn  out  from  a  tube 
of  hard  German  glass,  with  the  aid  of  a  blowpipe  lamp  (Fig.  13, 
p.  20).  A  tube  tree  from  flaws,  and  which  has  been  previously 
tested  as  to  its  capability  of  bearing  the  requisite  heat  without 
blowing  out,  is  selected,  from  thirty  inches  to  three  feet  long  -, 
it  is  heated,  first  gradually,  and  then  with  the  full  power  of  the 
lamp,  in  the  middle,  until  it  becomes  sufficiently  soft  to  rend 
asunder ;  the  two  ends  are  then  drawn  from  each  other,  and  by 
a  dexterous  tiuna  of  the  wrist  two  tubes  are  prepared,  shaped  as 
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shown  in  Fig.  86,  each  from  fifteen  to  eighteen  inches  Ions. 
The  fine  points  of  the  tubes  are  then  sealed,  and  the  open  ends 
are  fused  at  the  edges,  so  as  to  enable  them  to  bear  the  pres- 
sure of  the  cork  without  splitting.    The  tube,  which  is  selected 
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for  the  combustion,  is  thoroughly  cleaned  and  dried ;  for  this 
purpose  a  piece  of  clean  filtering-paper  is  twisted  round  the 
end  of  a  long  stout  copper  wire,  and  with  this  the  tube  is  well 
wiped  out ;  it  may  perhaps  be  necessary  to  wash  it  out  with 
distilled  water.  In  this  case,  the  greatest  care  must  be  taken 
to  dry  it  thoroughly  afterwards,  which  may  be  done  either  by 
folding  loosely  over  the  mouth  a  piece  of  filtering-paper  and 
burying  it  in  the  sand  of  the  sand-bath,  or  by  heating  it  from 
end  to  end  over  a  spirit-lamp,  drawing  a  current  of  air  through 
it  the  whole  time  by  putting  a  long  tube,  open  at  both  ends, 
to  the  bottom,  and  sucking  with  the  mouth.  If  the  tube  has 
been  washed  out  with  water,  a  small  drop  of  the  liquid  will  often 
obstinately  remain  at  the  very  point  of  the  sealed  end,  which  is 
expelled  with  a  sort  of  explosion  on  putting  the  point  into  the 
flame  of  a  spirit-lamp.  The  tube  being  thus  cleaned  and  dried, 
is  kept  corked  till  about  to  be  used,  in  order  to  prevent  the  en- 
trance of  any  impurity. 

(b.)  The  Chloride  of  (hlcium  Tuhe.—Th\%  is  shown  in  Pig.  87. 
The  chloride  of  calcium  is  prepared  by  dissolving  chalk  in  hy- 
drochloric acid,  filtering  the  solution,  and  evaporating  it  to  dry- 
ness ;  the  dry  mass  is  then  fused  in  a  Hessian  crucible :  it  must 


Pig.  87. 

be  kept  in  a  well-stopped  bottle.  In  filling  the  tube,  a  little 
cotton  wool  is  first  introduced  at  the  large  end,  which  is  then 
dosed  with  the  finger ;  vigorous  suction  is  now  applied  at  the 
small  end  (seen  in  the  figure  with  its  cork  attached),  the  finger 
is  then  suddenly  removed,  and  the  cotton  is  forced  up  to  the 
end  of  the  bulb,  where  it  acts  as  a  plug  in  preventing  any  of 
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the  small  fragments  of  the  chloride  from  getting  into,  and  chok- 
ing up,  the  narrow  neck  of  the  tube.  The  bulb  is  next  filled 
with  coarse  pieces  of  chloride  of  calcium,  and  the  remainder  of 
the  tube,  to  within  half  an  inch  of  the  end,  is  then  filled  up  with 
finer  fragments ;  a  second  plug  of  cotton-wool  is  introduced, 
and  finally  the  tube  is  closea  with  a  good  sound  cork,  well  se- 
cured with  sealing-wax,  nicely  smoothed  round  the  edges; 
through  the  centre  of  this  cork  there  proceeds  a  piece  of  stout 
quill  tube  about  three  inches  long,  through  which  connection 
is  established  between  the  chloride  of  calcium  tube  and  the  po- 
tassa  apparatus.  A  small  hook  is  seen  in  the  figure  attached  to 
the  tube.  This  is  made  of  platinum  wire,  and  is  intended  to 
ofier  a  facility  for  hanging  the  apparatus  to  the  scale  of  the 
balance,  in  which  it  is  accurately  weighed. 

(c.)  The  Pota88a-apparatu8, — The  construction  of  this  ap- 
paratus (the  invention  of  which  by  Liebig  may  be  considered 
as  one  of  the  leading  causes  of  the  rapid  progress  of  organic 
chemistry  within  the  last  few  years,  from  the  remarkable  man- 
ner in  which  it  has  facilitated  the  analysis  of  organic  bodies) 
will  be  understood  by  reference  to  Fig.  88.  It  consists  of  a 
tube  on  which  five  bulbs  are  blown,  three  at  the  bottom, 
the  middle  of  which  is  the  largest,  and  one  on  each  of  the 
sides  ;  the  three  bottom  bulbs  communicate  with  each  other  by 
pretty  wide  openings,  but  each  outer  bulb  is  separated  from  the 
other  by  about  two  inches  of  tube ;  one  of  the  side  bulbs,  &, 
must  be  larger  than  either  of  the  others.    The  object  of  this 

arrangement  is  to  expose  a  large  surface  of 
caustic  potassa  ley  to  the  gases  evolved 
during  the  combustion  of  the  organic  sub* 
stance,  so  as  to  ensure  the  complete  absorp- 
tion of  the  carbonic  acid.  The  method  of 
filling  the  bulbs  with  the  alkaline  ley  is  shown 
in  Fig.  89.  A  porcelain  basin  is  filled  with  a 
solution  of  caustic  potassa,  specific  gravity 
about  1*27.  This  is  prepared  in  the  usual 
manner,  or  more  conveniently  by  the  foUow- 
Fig.  88.  ing  receipt,  given  by  Dr.  Gregory  (*  Instruc- 
tions for  the  Chemical  Analysis  of  Organic  Bodies,'  by  Justus 
Liebig,  translated  by  Gregory) : — Two  parts  of  the  carbonate  of 
potassa  are  dissolved  in  twenty  or  twenty-four  of  boiling  water. 
One  part  of  quicklime  is  slaked  by  being  covered  with  hot  water 
in  any  convenient  vessel.    In  this  way  the  whole  of  the  lime 
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is  converted  into  a  uniform  cream,  withoat  the  formation  of 
an?  hard  sandy  particles  which  occur  in  the  ordinary  method  of 
slaking.  The  cream  of  lime 
is  added  in  small  portions  to 
the  boiling  solution  of  car- 
bonate of  potassa,  which  is 
boiled  a  few  minutes  after 
each  addition,  water  being 
occasionally  added  to  sup- 
ply the  loss  by  evaporation. 
When  the  whole  of  the  lime 
has  been  added,  the  mixture 
is  boiled  for  a  short  time 
longer,  and  is  then  allowed 
to  cool,  the  cover  of  the  ves- 
sel being  carefully  closed. 
After  twelve  hours  the  whole  ^ig-  8^- 

of  the  ley  may  be  decanted  perfectly  clear  and  quite  caustic,  if 
the  vessel  has  been  nearly  full.  The  carbonate  of  lime  is  sandy, 
and  occupies  a  very  small  bulk.  The  clear  liquid  is  now  to  be 
boiled  down  rapidly  in  a  clean  iron  vessel,  till  small  crystals 
begin  to  separate.  It  is  then  allowed  to  cool  in  a  stoppered 
bottle  of  green  glass,  when  it  deposits  the  whole  of  the  sul- 

Ehate  of  potassa  originally  present  in  the  carbonate,  that  salt 
eing  entirely  insoluble  in  a  strong  solution  of  caustic  po- 
tassa. The  specific  gravity  of  this  ley  is  from  1*25  to  1*27  ;  it 
is  nearly  pure,  containing  no  foreign  matter  except  a  little 
chloride  of  potassium,  and  is  perfectly  adapted  for  organic 
analysis. 

.The  basin  being  filled  with  the  ley,  the  end  of  the  tube  com- 
municating with  the  largest  of  the  side  bulbs,  is  dipped  into 
the  liquor,  and  to  the  extremity  of  the  tube,  communicating 
with  the  smaller  bulb,  a  suction  tube  is  attached  by  means  of  a 
perforated  cork:  suction  is  now  applied  with  the  lips,  and  the 
ley  is  thus  drawn  into  the  apparatus  to  the  extent  shown  in 
Fig.  88.  The  bulbs  are  then  moved  from  their  inclined  position, 
the  suction  tube  taken  ofi*,  and  the  interior  of  the  tube  which 
had  been  immersed  in  the  alkaline  liquor  is  wiped  dry  with  a 
twisted  slip  of  fiiltering-paper ;  and  finally,  the  whole  appara- 
tus is  wiped  thoroughly  dry  with  a  clean  cloth.  It  is  now  ac- 
curately weighed,  being  suspended  from  the  pan  of  the  balance 
in  the  manner  shown  in  Fig.  43i,  p.  218. 

2ir2 
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(d.)  The  Comhmtion  Furnace, — This  is  shown  in  Fig.  90.  It 
is  made  of  sheet  iron,  from  20  to  24  inches  long,  and  4  inches 
high.  The  bottom  is  8  inches  wide,  and  is  furnished  with  a 
series  of  small  slips  or  apertures,  which  serve  as  a  grate.  The 
side  walls  are  slightly  inclined  outwards,  and  are,  at  the  top, 
about  5  inches  apart.  To  support  the  combustion-tube,  a  series 
of  straight  and  upright  pieces  of  strong  sheet-iron  are  riveted 
to  the  bottom  of  the  furnace,  between  the  apertures ;  they  are 
of  exactly  equal  heights,  and  their  upper  edges  are  slightly 
curved,  so  as  to  coincide  exactly  with  the  aperture  at  the  end 


Fig.  90. 

of  the  furnace.  To  confine  the  fire  to  particular  portions  of 
the  tube,  two  screens  are  employed,  seen  in  their  places  in 
the  figure.  The  openings  in  these  screens  must  be  sufficiently 
large  to  receive  the  analysing-tube  without  difficulty ;  a  screen 
is  placed  at  the  anterior  part  of  the  furnace  during  the  com- 
bustion, to  protect  the  cork  of  the  tube  from  the  heat  of  the 
coals.  The  furnace  is  placed,  during  the  combustion,  on  a  large 
tile,  resting  on  a  block  of  wood,  a  wedge  being  thrust  be- 
tween the  tile  and  the  wood,  to  give  the  air  free  access  to  all 
the  holes  of  the  grating,  or  it  may  be  placed  on  an  iron  tripod, 
as  shown  in  Fig.  93. 

(e.)  Charging  the  Chmhustion  Tube. — A  sheet  of  clean  glazed 
paper  being  laid  on  the  table,  the  cork  is  removed  from  the 
combustion-tube,  and  warm  oxide  of  copper  introduced  to  about 
a  (Fig.  86),  this  serves  as  a  measure  for  the  quantity  required 
for  the  analysis ;  it  is  shaken  from  the  tube  into  a  clean  warm 
porcelain  mortar,  which  should  have  a  rough  or  unglazed 
bottom,  as  rendering  the  mixture  less  liable  to  adhere  to  it ; 
about  an  inch  of  oxide  is  left  at  the  end  of  the  tube.  The  sub- 
stance to  be  analysed  is  now  shaken  &om  the  little  stoppered 
bottle,  in  which  it  has  been  weighed,  into  the  oxide  in  the  mortar, 
and  the  whole  is  gently,  but  well  mixed  together  vrith  the  pestle. 
The  incorporation  being  complete,  the  mixture  is  transferred 
from  the  mortar  to  the  tube,  which  is  best  done  by  depressing 
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the  oDen  extremity  into  the  mixture,  and  turning  the  tube 
rouna ;  the  portions  which  cannot  in  this  way  be  got  into  the 
tube,  are  poured  on  a  scnooth  glazed  card,  and  thus  introduced. 
The  mortar  is  now  rinsed  out  with  a  fresh  quantity  of  warm 
oxide,  which  is  also  transferred  to  the  tube,  and  which  will  oc- 
cupy the  apace  from  o  up  to  about  &;  lastly.tbetubeis  filled  to 
within  an  inch  of  the  end  with  pure  oxide  from  the  crucible. 
The  distribution  of  the  mixture  in  the  tube  is  therel'ore  as 


Fig.  91. 

follows : — From  the  extremity  to  e,  pure  oxide  ;  from  c  to  a, 
the  mixture  of  oxide  and  the"  organic  substance;  from  a  to  6, 
rinsings  of  the  mortar;  and  from  i  to  J,  pure  oxide.  The  pro- 
cess of  filling  the  tube  should  be  completed  before  the  oxide  of 
copper  has  got  cold.  The  cork  is  now  put  in  its  place,  and  the 
tube  being  grasped  between  the  forefinger  and  thumb  of  each 
hand,  is  tapped  smartly  a  few  times  on  the  table,  so  as  to  shake 
together  the  contents,  to  free  the  pointed  extremity  entirely 
&om  oxide,  and  to  hare  a  channel  above  the  mixture  from  end 
to  end,  to  allow  of  the  escape  of  the  gaseous  products  of  de- 
composition which  would  otherwise  force  the  mixture  from  the 
tube.  Fig.  91  shows  the  tube  as  it  should  appear  with  the 
mixture  shaken  into  its  place.    Now,  as  during  the  process  of 


mixing,  the  oxide  of  copper  may  have  absorbed  aqueous  vapour 
ftvm  the  air,  and  as  this  moisture  would  vitiate  the  results 
of  the  analysis,  by  giving  too  high  a  number  for  the  hydrogen, 
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the  next  step  of  the  operation  ie  to  get  rid  of  the  moisture, 
which  ia  done  by  placing  the  tube  in  a  wooden  trough  and  co- 
vering it  with  hot  sand,  the  temperature  of  which  should  be 
above  212°,  but  not  sufficiently  high  to  char  paper.  To  facili- 
tate the  removal  of  the  aqueous  vapour,  the  air  ia  eihouated 
from  the  tube,  while  it  is  surrounded  with  the  hot  sand,  by 
means  of  a  amall  exhausting  syriuge,  as  shown  in  Fig.  92  ;  after 
a  few  strokes  of  the  piston  the  stopcock  is  opened,  by  whicb 
fresh  air  is  admitted,  which  becomes  completely  dried  by  pass- 
ing through  a  chloride  of  calcium  tube.  This  process  of  alter- 
nate exhaustion  aud  readmission  of  air,  is  repeated  ten  or  a 
doeen  times,  and  the  absence  of  all  hygroscopic  moisture  is 
thereby  ensured. 

(f.)  Arrangement  of  the  Apparatti*  for  the  Conibtulion. — This 
will  be  perfectly  understood  from  an  inspection  of  Fig.  93. 


Fig.  S3. 

The  chloride  of  calcium  tube  ia  connected  with  the  combustion 
tube  by  means  of  a  perforated  cork,  which  has  been  thoroughly 
dried  in  the  water  bath  ;  the  operator  must  be  careful  in  the 
selection  of  this  cork,  as,  if  a  deficiency  of  tightness  is  detected 
when  the  apparatus  comes  to  be  examined  previous  to  com- 
mencing the  analysis,  it  is  here  thnt  the  fault  will  generally  be 
found  to  lie.  The  cork  should  be  thoroughly  sound,  and  should 
be  cut  smooth  and  tapering;  the  hole  through  which  the  chlo- 
ride of  calcium  tube  enters  should  be  round  and  smooth.  The 
chloride  of  calcium  tube  is  connected  with  the  potassa  apparatus 
by  a  double  caoutchouc  tube  secured  by  strong  silk  cord  ;  the 
caoutchouc  sliould  be  soft  so  as  to  yield  to  the  pressure  of  the 
cord,  which  should  be  tied  in  a  bow,  and  not  in  a  knot,  in  order 
that  it  may  be  readily  removed  at  the  end  of  the  analyais.  It 
will  be  noticed  that  it  is  the  extremity  of  the  potassa  apparatua, 
in  connection  with  the  large  bulb  which  is  attached  to  the  clilo- 
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n  tube  should  project  a  full 
e  Hcreen  being  placed  over 
it  to  protect  the  cork,  as  Bbown  in  the  figure.     The  bulbs  of 


ride  of  calcium  tube.  The  comfauatio; 

inch  &om  the  end  of  the  furnace,  the  acreen  being  placed  over 


the  potaasa  tube  rest  on  a  folded  towel,  or  silk  handkerchief 
placed  on  blocks  of  wood  raised  to  the  requisite  height,  and 
the  apparatoB  is  inclined  slightljf  b;  placing  a  cork  underneath 
one  of  the  side  bottom  bulbs,  as  seen  in  the  sketch.  The 
nhole  arrangement  should  have  a  slight  inclination  forwards, 
irom  the  sealed  end  of  the  combustion  tube  to  the  junction  of 
the  chloride  of  calcium  tube  with  the  potassa  bulbs.  The  ap- 
paratus being  thus  far  disposed,  the  next  step  is  to  see  that 
the  junctions  are  all  perfectly  air-tight ;  this  is  done  in  the  fol- 
lowing manner : — A  red-hot  coal  is  held  near  the  large  side- 
bulb  of  the  potassa  tube,  the  enclosed  air  becomes  hereby  ex- 
panded, the  ley  sinks,  and,  as  the  heat  increases,  a  portion  of 
the  expanded  air  escapes  in  bubbles  through  the  several  bulbs, 


out  at  the  open  end  of  the  tube ;  when  about  a  dozen  babbles 
hare  in  this  way  been  expelled,  the  hot  coal  is  removed,  and  the 
bulbs  are  set  level  on  the  clotb ;  as  the  bulb  cools,  the  air  re- 
maining in  it  contracts,  and  the  potassa  ley  rushes  back  and 
fills  it  more  or  less.  It  is  now  left  for  a  few  minutes,  during 
which  tirae  the  operator  mav  be  employed  in  re-weighing  the 
little  bottle  which  contained  the  substance  about  to  be  ana- 
lysed ;  if  at  the  end  of  five  minutes  or  so  the  potassa  ley  should 
show  no  disposition  to  recede  from  the  large  side-bulb,  and 
once  more  take  up  a  horizontal  position,  it  may  be  concluded 
that  the  apparatus  is  perfectly  tignt :  on  the  other  hand,  should 
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the  liquid  not  preserre  the  level  which  it  had  acquired  after 
the  cooling  of  the  large  hulb,  then  the  junctions  are  not  tight, 
and  the  fault  will  most  likely  be  found  in  the  cork.  Supposing, 
however,  the  apparatus  to  have  been  proved  to  be  air-tight, 
the  potassa  apparatus  is  once  more  indined,  and  the  combus- 
tion commenced. 

(g.)  Management  of  the  Qmbtution. — A  good  supply  of  red- 
hot  charcoal  being  provided  close  at  hand,  that  part  of  the  tube 
included  between  tne  anterior  part  of  the  furnace  and  the  first 
screen  is  quickly  surrounded  with  small  pieces  of  hot  coal,  so  as 
to  bring  it  speedily  to  a  red-heat ;  the  potassa  in  the  large  bulb 
will  almost  immediately  be  seen  to  recede,  owing  to  the  expan- 
sion of  the  heated  air;  the  screen  is  then  gradually  shifted 
backwards  about  an  inch  at  a  time,  exposing  a  fresh  portion  of 
'  the  tube,  which,  as  before,  is  surrounded  with  red-hot  charcoal ; 
as  soon  as  the  heat  reaches  the  mixture  of  the  organic  sub- 
stance and  the  metallic  oxide,  the  decomposition  of  the  former 
commences,  carbonic  acid  and  aqueous  vapour  begin  to  be 
evolved,  the  latter  is  seen  lining  the  interior  of  the  front  part 
of  the  chloride  of  calcium  tube  in  the  form  of  dew,  while  the 
former  passes  into  the  potassa  apparatus,  driving  forward  all 
the  air  present  in  the  bulbs.  At  first,  the  bubbles  appear  to 
pass  through  the  ley  without  being  absorbed ;  but  as  the  com- 
bustion proceeds  the  absorption  is  more  and  more  complete, 
and,  after  a  time,  if  the  substance  under  analysis  be  free  from 
nitrogen,  only  a  solitary  bubble  occasionally  breaks  through  the 
liquid,  nothing  put  pure  carbonic  acid  passing  through  the 
chloride  of  calcium.  The  combustion  should  be  so  managed 
that  the  bubbles  of  gas  shall  follow  each  other  in  a  uniform, 
uninterrupted,  and  tolerably  rapid  stream ;  and  the  screen 
should  be  gradually  moved  backwards  until  the  whole  length 
of  the  tube  is  surrounded  with  red-hot  charcoal.  As  soon  as 
the  evolution  of  gas  in  some  degree  slackens,  the  heat  is  raised 
by  fanning  the  embers  with  a  piece  of  pasteboard ;  if  the  ope- 
ration has  been  managed  according  to  the  above  directions, 
and  if  the  mixture  of  the  organic  substance  with  the  oxide  of 
copper  has  been  thoroughly  made,  the  gas  generally  ceases 
suddenly.  On  this  taking  place,  the  cork  is  removed  from  irnder- 
neath  the  small  side-bulb  of  the  potassa  apparatus,  and  the  latter 
laid  level  on  the  cloth.  The  alkaline  ley  soon  begins  to  recede, 
slowly  at  first,  but,  when  it  reaches  the  large  bulb  which  is  left 
i^t  the  end  of  the  combustion  full  of  carbonic  acid,  it  rushes 
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rapidly  into  it ;  there  is  no  clanger,  however,  of  any  of  the 
liquid  being  carried  into  the  chloride  of  calcium  tube  if  the 
proper  proportion  between  the  bulbs  has  been  observed  in  the 
construction  of  the  potassa  apparatus.  As  soon  as  the  operator 
sees  the  potassa  rushing  back  into  the  large  side-bulb,  he  clips 
off  the  extremity  of  the  tube  with  a  pair  of  nippers ;  this  allows 
air  to  enter,  and  the  alkaline  liquor  immediately  recedes.  The 
hot  coals  are  now  removed  from  the  posterior  part  of  the  tube, 
a  long  tube  open  at  both  ends  is  held  over  the  broken  extre- 
mity^  either  by  an  assistant  or  supported  by  some  convenient 
rest,  and  the  operator,  having  inclined  the  potassa  bulbs,  places 
a  suction  tube  on  the  end,  and  draws  a  current  of  air  through 
the  whole  apparatus ;  by  this  means  all  the  carbonic  acid  and 
aqueous  vapour  which  remained  in  the  apparatus  are  swept 
into  the  chloride  of  calcium  tube  and  potassa  bulbs.  The  dis- 
position of  the  apparatus  at  this  period  is  shown  in  Fig.  94. 

The  analysis  is  now  finished,  and  it  only  remains  to  take  the 
apparatus  apart,  and,  after  the  lapse  of  about  half  an  hour,  to 
weigh  the  potassa  apparatus,  and  chloride  of  calcium  tube,  and 
calculate  the  results. 

(h.)  Calculation  qfJResults, — ^The  particulars  of  the  analysis 
of  mannite  are  as  follows : — 

Grains. 

Weight  of  the  bottle  and  substance 83'76 

Ditto  of  the  bottle  and  residue     ......      79*64 

Weight  of  substance  analysed 412 

Weight  of  the  potassa  apparatus  after  combustion    586*64 
Ditto  before  combustion 580*65 

Weight  of  carbonic  acid  produced 5  99 

Weight  of  the  chloride  of  calcium  tube  after 

combustion    .     . 276*06 

Ditto  before  combustion 273*20 

Weight  of  water  produced 2*86 

These  numbers  furnish  the  data  for  calculating  the  per* 
centage  composition  of  the  substance.  We  have  proved  by 
the  preliminary  experiments  that  there  is  no  nitrogen,  sulphur, 
phosphorus,  or  inorganic  matter  present ;  it  is  evident  tnere- 
fore  that,  after  deducting  from  the  weight  of  the  mannite 
submitted  to  analysis  the  amount  of  carbon  and  hydrogen  ob- 
tained in  the  forms  of  carbonic  acid  and  water,  the  remainder 
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must  be  calculated  as  oxygen.  Let  us  see  what  quantities  of 
these  several  elements  we  obtain  as  the  result  of  our  erperi- 
ment.  In  the  chloride  of  calcium  tube  we  obtain  2-86  grains 
of  water ;  how  much  hydrogen,  then,  in  4*12  grains  of  man- 
nite.  Now,  as  every  9  grains  of  water  contain  1  grain  of 
hydrogen,  we  find  the  quantity  contained  in  1  grain  by  the 
proportion : — 

As  9  :  1  ::  1  :  a?, or  — = —  or9=— ,orir= -5; 

that  is,  the  amount  of  water  obtained,  divided  by  9,  gives  the 

2*86 
amount  of  hydrogen ;  consequently,  — _— = •3l777=the  hydro- 

9 

gen  in  4*12  grains  of  mannite ;  but  it  is  far  more  convenient  to 

express  the  amount  in  percentage  parts,  thus : — 

2*86  X  100 
_ —  =  7'71=  percentage  amount  of  hydrogen. 

Again,  in  the  potassa  apparatus  we  have  condensed  5*99  graina 
of  carbonic  acid;  what  is  the  percentage  amount  of  carbon  ?  22 
grains  of  carbonic  acid  contain  6  grains  of  carbon. 

As  22  :  6  : :  11  :  3,         As  11  :  3  : :  1  :  ar. 
j?=  ^;  consequently,  the  quantity  of  carbonic  acid  found,  mul- 
tiplied by  3  and  divided  by  11,  gives  the  amount  of  carbon ;  and 
we  get  it  in  percentage  parts  by  multiplying  by  300  and  di- 
viding by  11  times  the  quantity  of  substance  analysed,  thus : — 

1__ = 39*61  =  percentage  amount  of  carbon. 

11x412  '^  ^• 

The  composition  of  the  mannite,  according  to  the  above  ana- 
lysis, is  therefore — 

Carbon 89-61 

Hydrogen  ......      771 

Oxygen 5268 

10000 

Construciion  of  a  Formula  from  the  percentage  composition  of 
a  tubstance, — Although  we  may  not,  as  in  the  case  of  mannite, 
be  able  always  to  determine  the  atomic  weight  of  a  compound, 
it  is  an  easy  matter  to  ascertain  the  relative  proportion  of  the 
equivalents  of  the  elements  of  which  it  is  composed,  provided 
we  have  before  us  a  correct  statement  of  its  percentage  com- 
position ;  in  other  words,  we  can,  from  such  data,  deduce  its 
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empirical  formula ;  for  this  purpose  we  bare  ouly  to  divide  the 
percentage  number  of  each  element  bj  its  atomic  weight,  and 
to  reduce  the  figures  obtained  to  the  simplest  expression  pos- 
sible ;  thus,  in  our  experiment  with  manmte,  we  have — 

— -—  =  6-601 = equivalent  of  carbon* 
6 

7*71 

=  7710  =  equivalent  of  hydrogen. 


1 
52-68 


=  6*685  =  equivalent  of  oxygen. 


8 

Now  here  the  numbers  6*601  and  6*585  are  so  nearly  alike 
that  it  is  at  once  evident  that  in  mannite  the  number  of  atoms 
of  carbon  and  of  oxygen  are  the  same ;  and,  on  considering  the 
above  figures,  it  is  seen  that  the  simple  numbers  with  which 
they  best  correspond  are  6,  7,  6.  Let  us  see,  then,  how  nearly 
the  numbers  calculated  in  percentage  parts  from  the  formula 
CfHyO^  agree  with  the  experimental  ones  : — 

Theory.  Experiment. 

Cj    .     .     36    .     .     39-67  .  .    89*61 

H7    .     .      7    .     .      7*69  .  .      7-71 

Oj     .     .    48     .     .    5274  .  .     5268 

91     .     .  100-00     .     .  10000 

The  coincidence  is  so  close  that  there  can  be  no  doubt  that 
the  above  formula  is  the  correct  cue,  though  we  have  no  way  of 
confirming  it  by  determining  the  atomic  weight  of  this  peculiar 
kind  of  sugar.  We  shall  give  presently  a  case  in  which  the 
absolute  as  well  as  the  relative  proportion  of  the  atoms  of  an 
organic  substance  can  be  determined,  and  a  rational  formula 
deduced  for  it. 

Combustion  tcith  Chromate  of  Lead, —  Some  organic  sub- 
stances cannot  be  thoroughly  oxidized  by  burniug  them  with 
oxide  of  copper,  partly,  according  to  Dumas,  in  consequence 
of  the  formation  of  a  small  quantity  of  carbide  of  copper^ 
together  with  the  reduced  metal,  and  partly  owing  to  the  depo- 
sition here  and  there  of  small  particles  of  carbon.  With  such 
substances  this  source  of  error  is  sometimes  obviated  by  intro- 
ducing into  the  posterior  end  of  the  combustion  tube  some 
chlorate  of  potassa,  mixed  with  oxide  of  copper;  this  salt, 
being  heated  at  the  end  of  the  combustion,  gives  off  pure 
oxygen,  in  which  all  the  combustible  matter  must  oe  thoroughly 
oxidized ;  care  must  be  taken  to  heat  the  part  of  the  tube  con- 
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taining  the  chlorate  gradually,  so  as  to  avoid  a  too  rapid  evolu* 
tion  of  oxygen.  The  same  object  is  attained  by  employing 
chromate  of  lead  instead  of  oxide  of  copper.  This  substance 
is  admirably  adapted  for  oxidizing  purposes,  from  its  yielding 
up  a  portion  of  its  oxygen  by  heat  alone,  a  property  not  pos- 
sessed by  oxide  of  copper.  Chromate  of  lead  is  prepared  by 
precipitating  a  clear  solution  of  acetate  of  lead,  containing 
slight  excess  of  acetic  acid,  by  bichromate  of  potassa,  washing 
the  precipitate  thoroughly  on  a  linen  strainer,  drying,  and 
igniting  to  fusion  in  a  Hessian  crucible.  The  fused  mass  is 
pulverized,  and  kept  in  a  stoppered  bottle.  By  heat,  either 
alone  or  in  contact  with  an  organic  substance,  it  is  decomposed 
into  green  oxide  of  chromium  and  basic  chromate  of  lead. 
The  combustion  of  an  organic  body,  with  chromate  of  lead,  is 
conducted  precisely  in  the  same  manner  as  with  oxide  of  copper. 
The  chromate  is  finely  pulverized,  and  mixed  while  warm  with 
the  substance ;  but,  as  it  is  not  in  the  least  degree  hygroscopic, 
the  process  of  exhausting  the  analysing-tube  while  buried  in 
hot  sand  may  be  omitted ;  a  narrower  tube  than  that  employed 
with  oxide  of  copper  may  be  used,  and  the  chromate  which  nas 
served  for  one  experiment  may  be  used  again  after  refusion. 

In  the  case  of  substances  which  burn  with  difficulty,  anthra- 
cite coals  for  example,  the  chromate  of  lead  may  be  advanta- 
geously mixed  with  about  one-tenth  of  its  weight  of  fused  and 
pulverized  bichromate  of  potassa.  Such  substances  are  how- 
ever best  analysed  by  burning  them  with  oxide  of  copper  in  a 
current  of  dry  oxygen  gas. 

Mene  ('  Comptes  Eendus,'  Ivi.  1033)  suggests  the  substitu- 
tion of  melted  chlorate  of  potassa  for  oxide  of  copper  in  the 
analysis  of  organic  substances,  by  which  he  thinks  that  the  pro- 
cess is  rendered  much  easier,  and  the  drawbacks  arising  from 
the  frequent  incomplete  combustion  of  the  substance  arising 
from  insufficient  oxygenation  and  other  drawbacks  are  entirely 
obviated.  His  process  is  as  follows : — Into  the  end  of  a  closed 
tube  of  white  glass,  about  20  inches  long,  0*39  inch  wide,  and 
0039  inch  thick,  a  quantity  of  chlorate  of  potassa  (melted  and 
pounded)  is  introduced  equal  to  about  three-quarters  of  an  inch ; 
the  mixture  of  the  organic  substance  (about  15  grains)  with 
sufficient  chlorate  nearly  to  fill  the  tube  is  then  poured  in  in 
the  usual  manner ;  when  full,  the  tube  is  closed  i/tith  an  ami- 
anthus plug,  then  with  a  small  cork  traversed  by  a  small  tube 
for  the  disengagement  of  the  gases.    The  tube  thus  prepared 


XLGUENT1.BT  ANALT9]S  OF  OBQiNIC   BODIES.  546 

JB  suspended  by  two  iron  wires,  so  that  it  may  be  free,  aod 
within  the  react)  of  the  operator;  then  by  means  of  on  india- 
rubber  tube  it  is  put  iu  communicatioa  with  the  potoBsa  appara- 
tus and  chloride  of  calcium  tube  in  the  ordinary  manner.  An 
ordinary  spirit-lamp  is  placed  under  the  tube,  beginning  to 
heat  near  the  amianthua  plug.  The  chlorate  of  potaaaa  melts 
almost  immediately,  burning  the  matter  and  forming  carbouic 
acid  and  water,  which  are  disengaged  quietly.  Though  in 
many  cases  (when  the  substance  contains  much  carbon),  igni- 
tion, and  Bometiraes  even  deflagration  accompanies  combustion, 
yet  there  is  no  danger.  When  the  aubstance  is  burnt  in  the 
place  first  heated,  the  lamp  is  shifted,  so  as  Buccessirely  to  heat 
the  whole  length  of  the  tube.  The  chlorate  at  the  closed  end 
of  the  tube  ia  heated  last,  so  as  to  disengage  oxygen,  and  thus 
take  with  it  all  the  analysable  gases  which  may  remain  in  the 
tube.  When  the  operation  ia  presumed  to  be  at  an  end,  the 
tube  is  detached  from  the  estimating-apparatus,  and  all  the 
chloride  of  potassium  is  eliminated  by  washing  to  make  the 
tube  ready  lor  a  fresh  analysis.  An  analysis  of  this  kind  oc- 
cupies twenty  minutes,  and  the  operation  may  be  carried  on 
at  the  will  of  the  operator. 

(2.)  jijuclgm  of  volatile  compoimdi  (tolid  and  liqvid)  not 
containing  Nitrogen. — The  analysis  of  waxv  substances,  and  ot 
volatile  organic  solids,  is  performed  in  tubes  which  are  some- 
what longer  and  wider  than  those  generally  employed.  The 
analy sing-tube  is  filled  also  in  a  difierent  manner,  as  it  would 
obviously  be  inadmisBible  to  triturate  volatile  substances  with 
hot  oxide  of  copper,  and  the  nature  of  oily  and  waiy 
bodies  renders  their  admixture  in  the  naual  man- 
ner impracticable.  Solid  fusible  fats,  oils,  etc.,  are 
weighed  in  a  little  tube,  the  size  and  shape  of  Eig.  95. 
The  chromate  of  lead  or  oxide  of  copper  is  introduced, 
while  hot,  into  a  wide  thin  glass  tube,  about  twenty  I 
inches  long,  or  into  a  copper  tube  which  can  be  I 
closed  air-tight  with  a  brass  cap  and  lead  washer, 
Eig.  96 ;  in  this  it  is  allowed  to  cool ;  if  chromate 
of  lead  be  the  oxidizing  agent  employed,  a  layer  of  ^>%-  9B- 
about  two  inches  is  first  introduced  into  the  combustion  tube ; 
but,  if  oxide  of  copper  is  to  be  used,  the  same  quantity  of  a 
mixture  of  chlorate  of  potassa  and  oxide  is  shaken  in ;  the 
little  tube,  with  its  charge  of  substance,  Ib  then  drupj>ed  into 
the  analyaing-tube,  and  beat  applied  so  as  to  melt  it,  and  cause 
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it  to  spread  over  the  lower  side ;  the  tube  is  then  filled  with 
the  oxidizing  agent  by  introducing  its  open  end  within  the 
copper  or  wide  glass  tube,  containing  the  oxide  of  copper  ur 
chromate  of  lead,  and  turning  it  round.  I'ho  tube  being 
filled,  the  substance  to  be  analysed  is  difi'used  through 
the  oxide  or  chromate  by  placing  it  for  a  few  minutes  in 
hot  sand,  keeping  it  well  corked  during  the  time ;  the 
combustion  is  then  proceeded  with  in  the  usual  manner. 
If  the  substance  is  not  of  a  waxy  or  fatty  nature,  it  ia 
mixed  with  the  oxide  or  chromate  by  means  of  a  copper 
wire,  the  end  of  which  is  formed  like  a  corkscrew ;  but 
the  operation  requires  to  be  conducted  with  skill  and 
rapidity. 

Volatile  liquids,  such  as  alcohol,  ether,  etc.,  are 
weighed  in  two  or  three  small  glass  bulbs,  the  size  and 
shape  shown  in  Eig.  97.  These  bulbs  should  be  drawn 
out  of  a  long  piece  of  quill  tubing,  in  order  to  prevent 
any  moisture  from  getting  into  them  while  they  are 
being  expanded  by  the  breath.  They  are 
filled  by  heating  them  slightly  over  a  spirit- 
lamp,  and  immersing  their  pointed  extremi- 
ties in  the  fluid  to  be  analysed ;  on  cooling, 
the  liquid  enters  the  bulb  from  the  contrac- 
tion of  the  heated  air,  the  bulb  is  again 
gently  heated,  on  which  more  air  is  expelled, 
and  then,  on  once  more  dipping  the  open 
end  into  the  liquid,  an  additional  quantity 

Fiir  96  ^^^'^^     -^^  ^^^^  manner  the  bulb  is  about 
^'    *  three  parts  filled  with  the  liquid ;  upon  which 
its  extremity  is  sealed,  and  it  is  weighed,  and, 
the  weight  of  the  empty  bulb  having  been  pre- 
viously taken,  that  of  the  included  liquid  is  found. 
The  analysing-tube    employed  should  be  longer 
and  wider  in  proportion  as  the  liquid  is  more  vola- 
tile.   The  oxidizing  agent  is  allowed  to  cool  in  the 
closed  copper  or  glass  tube,  Eig.  96,  and,  a  layer  of 
two  inches  having  been  introduced  into  the  com- 
bustion tube,  the  centre  of  the  neck  of  one  of  the     ^.   ^ 
little  bulbs  is  slightly  scratched  with  a  file,  the       ^* 
point  is  quickly  broken  off,  and  both  bulb  and  point  are  dropped 
into  the  tube  and  covered  immediately  with  three  or  four 
inches  of  oxide  of  copper ;  another  bulb  is  then  introduced  in  a 
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similar  manner,  covered  with  a  layer  of  oxide,  and  so  on  wifch 
a  third,  should  the  substance  to  be  analysed  be  included  in 
more  than  two  bulbs.  The  tube  is  then  tapped  to  open  a 
channel  for  the  escape  of  the  gases. 

The  analysis  of  volatile  liquids  requires  a  fi^reat  deal  of  care 
on  the  part  of  the  operator.  Thus,  if  a  high  heat  were  sud- 
denly applied  to  one  of  the  bulbs,  a  sudden  gush  of  vapour 
would  be  produced,  a  portion  of  which  might  either  be  expelled 
from  the  tube  without  undergoing  combustion,  or,  if  it  were 
resolved  into  carbonic  acid  and  water,  these  products  would  be 
evolved  with  such  impetuosity  as  to  eject  the  potassa  from  the 
bulbs.  The  greatest  care  is  therefore  necessary  in  conducting 
the  operation.  About  six  inches  of  the  anterior  portion  of  the 
tube  are  first  heated  to  redness,  and  a  screen  placed  behind  to 
prevent  the  communication  of  heat  to  the  locality  of  the  bulbs ; 
the  fluid  in  the  first  bulb  is  then  gently  distilled  out  by  hold- 
ing a  red-hot  charcoal  near  it,  and  the  vapour,  thus  gradually 
coming  into  contact  with  the  oxidizing  agent,  is  quietly  burned. 
In  this  way,  the  contents  of  all  the  bulbs  are  brought  into 
contact  with  the  heated  oxide,  and  it  is  advisable  to  keep  a  few 
pieces  of  hot  charcoal  against  the  closed  end  of  the  tube,  to 
prevent  any  of  the  liquid  from  distilling  back  and  condensing 
there. 

(3.)  Analysis  of  organic  substances  containing  Nitrogen,-^ 
The  determination  of  the  nitrogen  of  an  organic  compound  is 
always  an  operation  distinct  from  that  of  the  determination  of 
the  carbon  and  hydrogen.  It  is  necessary,  however,  to  modify 
in  some  degree  the  arrangements  for  the  latter  process,  in  the 
analysis  of  substances  containing  nitrogen,  or  the  number  for 
the  carbon  would  always  come  out  too  high.  The  reason  of 
this  is  that  when  an  organic  compound  containing  nitrogen 
is  burnt  with  oxide  of  copper  or  chromate  of  lead,  a  portion  of 
the  nitrogen  becomes  converted  into  nitric  oxide  gas,  which,  on 
coming  into  contact  with  the  potassa  in  the  bulbs,  is  further 
oxidized  into  nitrous  acid,  and  is  retained  by  the  alkali.  It  is 
necessary,  therefore,  to  decompose  these  oxygen  compounds  of 
nitrogen  before  they  can  leave  the  combustion  tube;  which 
object  is  perfectly  attained  by  introducing  a  layer  of  four  or 
five  inches  of  fine  and  pure  copper-turnings  into  the  anterior  part 
of  the  tube  and  keeping  them  strongly  ignited  during  the  whole 
analysis.  The  nitric  oxide  and  nitrous  acid  are  completely  de- 
composed by  copper  at  a  high  temperature,  nitrogen  being 
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evolved  in  a  gaseous  form,  which  passes  unabsorbed  through 
the  chloride  of  calcium  tube  and  potassa  apparatus. 

The  copper  turnings  employed  for  this  purpose  must  be  free 
from  impurities,  to  ensure  which  it  is  advisable  to  tarnish  them 
by  heating  them  in  a  crucible,  with  free  access  of  air,  and  then 
to  reduce  the  film  of  oxide  which  has  formed  on  their  surface 
by  heating  them  to  redness  in  a  glass  tube,  through  which  a 
current  of  hydrogen  is  passing. 

There  are  three  different  ways  of  estimating  the  nitrogen  of 
an  organic  substance,  namely,  1st,  by  collecting  the  gas  in 
a  free  state  and  measuring  its  volume ;  2nd,  by  determining 
the  relative  proportion  between  the  evolved  carbonic  acid  and 
nitrogen  gases ;  and  3rd,  by  converting  the  nitrogen  into  am- 
monia, and  estimating  it  as  such. 

(a.)  Ssiimaiion  of  Nitrogen  in  a  gaseous  «to^«.— This  is  the*^ 
method  of  Dumas,  and  is  applicable  to  the  analysis  of  all 
nitrogenous  substances,  in  whatever  form  that  element  may 
exist  in  them.  The  substance  is  burned  in  the  usual  way  with 
oxide  of  copper  or  chromate  of  lead ;  a  layer  of  reduced  copper- 
turnings  being  placed  in  the  anterior  portion  of  the  tube,  which 
should  be  at  least  two  feet  long  and  not  drawn  out  at  the 
closed  extremity,  but  merely  sealed ;  and  from  five  to  eight 
inches  of  dry  bicarbonate  of  soda  at  the  posterior  end,  the 
object  of  which  is  to  enable  the  operator  to  expel  all  the  at- 
mospheric air  from  the  analysing-tube  at  the  commencement 
of  the  operation,  and  all  the  nitrogen  from  it  at  the  end  hj 
a  current  of  carbonic  acid.  The  mixture  of  the  substance 
with  the  oxidizing  agent  is  made  in  the  manner  already  de- 
scribed, and  the  tube  filled  as  shown  in  Fig.  98 ;  thus,  from  a 
to  by  bicarbonate  of  soda ;  from  h  to  0,  pure  oxide  or  chromate  ; 


Fig.  98. 

from  c  to  J,  the  intimate  mixture  of  the  substance  with  the 
oxidizing  agent ;  from  d  to  e^  rinsings  of  the  mortar ;  from  e 
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to/l  pure  oxide  or  chromate;  and fromy toy, copper  toruingB. 
TKe  tube  is  arranged  in  the  furnace,  as  sbovn  in  Fig.  89,  and, 
the  first  object  being  to  expel  the  whole  of  the  atmoBpheric  air, 
a  screen  is  placed  about  three  inchee  from  the  end,  and  hot 
coals  are  applied  round  the  tube  before  it,  so  as  to  heat  intensely 
the  bicarbonate  of  soda,  and  fill  the  whole  tube  with  carbooic 
acid.  The  conducting  tube  c  d,  fitted  into  the  combustion  tube 
a  6,  with  a  good  sound  cork,  pasees  under  the  surface  of  mercury 
contained  in  a  small  pneumatic  trough  t.    The  bubbles  of  gas, 


as  they  break  through,  are  received  from  time  to  time  into  a 
t<tat-tube  filled  with  caustic  potassa ;  and,  when  they  are  com- 
pletely absorbed,  it  may  be  concluded  that  the  atmospheric  air 
has  bei-n  thoroughly  expelled  from  the  spparatus.  As  the 
Buccesa  of  the  experiment  depends  in  a  great  measure  on  thus 
perfectly  driving  off  the  air,  the  operator  must  not  hurry  this 
preliminary  procesK,  but  continue  to  apply  heat  to  the  bicarbo- 
nate of  Hoda  till  a  dozen  or  so  bubbles  following  are  completely 
absorbed  by  the  caustic  ley.  A  stout  glass  cylinder  c,  verv 
accurately  graduated  iuto  cubic  eentimitreg,  or  hundredths  of  a 
cubic  inch,  and  of  the  capacity  of  about  200  c.  c.  or  13  c.  i., 
is  now  filled  two-thirds  with  mercury  and  one-third  witli 
potassa  ley  and  inverted  in  the  pneumatic  trough  immediately 
over  the  conducting-tubea,*  the  combustion  is  then  proceeded 

■  Ai  otuatic  potwu  wAt  on  the  cuticle,  Duking  the  akin  slippet;,  the 
belt  wa;  of  fllliii;  the  cjlinder  ii  first  to  pour  in  the  mercury,  then  the 


requiaite  quuitity  of  poCana  1<^,  sad  Uitl;  pure  water;  the  Jar 
inverted  by  laying  on  ita  edge  (Whidi  thould  be  ground  perfectlj  smooth) 
a  ground  glaai  plate.    If  the  fingen  are  allowed  lo  become  soiled  with  the 


alkali,  tbere  will  be  s  danger  of  the  tube  slipping  through  them  when  the 
operator  ii  in  the  act  of  inverting  it  in  (lie  pnenmatje  tioiigli. 
PART   II. 
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\i'ith  in  the  ordinary  manner,  the  carbonic  acid  yielded  by  the 
decomposition  of  the  substance  is  absorbed  by  the  ley,  while 
th'e  nitrogen  passes  into  the  cylinder  in  its  gaseous  form.  At 
the  end  of  the  operation,  the  remainder  of  the  bicarbonate  of 
soda  is  stroDgly  ignited,  and  the  carbonic  acid  evolved  sweeps 
tiie  whole  of  the  nitrogen  still  contained  in  the  tube  into  the 
graduated  cylinder,  while  it  is  itself  absorbed  by  the  potassa. 
The  analysis  being  concluded,  the  cylinder  containing  the 
ijitrogen  is  allowed  to  remain  at  rest  for  some  time,  to  ensure 
the  complete  absorption  of  the  carbonic  acid ;  it  is  then  care* 
fully  transferred  to  a  large  deep  glass  vessel  containing  water, 
by  placing  underneath  its  eage  the  ground  glass  plate,  on 
removing  which  under  the  water  the  mercury  sinks  to  the 
bottom  of  the  vessel,  its  place  being  supplied  by  the  water. 
The  water  within  and  witaout  the  cylinder  is  then  brought 
to  the  same  level,  and  the  volume  of  gas  read  off,  the 
state  of  the  barometer  and  thermometer  being  at  the  same 
time  noted.  The  analysis  is  now  concluded,  and  it  only 
remains  to  calculate  the  results.  The  method  of  doiug  this 
will  be  best  understood  by  quoting  the  results  of  an  actual 
experiment. 

Weight  of  substance  submitted  to  analysis,  *600  grm.= 
9'264  grains. 

Volume  of  nitrogen  gas  collected,  41*5  cubic  centimetres= 
2*531  cubic  inches ;  thermometer,  18*5°  Cent.=65*3°  F.;  barom. 
7573  millimetres  =  29*9- inches. 

Correction  of  the  Ons  for  temperature. — It  is  assumed  that 
gases  when  heated  from  the  freezing  to  the  boiling-point  of 
water,  that  is,  from  0°  to  100°  of  Celsius's  thermometer,  ex- 
pand 0*3665,  or,  in  other  words,  that  they  expand  

=  0*00366  for  every  degree  of  the  Centigrade  scale ;  to  find, 
therefore,  what  volume  the  41*0  cub.  cent,  of  nitrogen  observed 
at  18*5°  would  occupy  at  0°,  we  must  multiply  the  number  of 
degrees  above  0°  by  the  expansion  coefficient  for  one  degree, 
add  the  product  to  1,  and  divide  the  observed  volume  by  this 
sum,  thus : — 

41*5 

:; — — — —  ^^o^.^.N  =  ^^'^^  ^^^^^  centimetres,  the  volume  the 
1  -h  (18*5  X  0  00366) 

gas  would  occupy  at  0^  Cent.     This  volume  has  now  to  be 
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coirected  for  pressure ;  but  before  doing  so,  it  is  necessary  to 
take  into  consideration  the  tension  of  the  aqueous  vapour  at  the 
observed  temperature :  for  since  tbe  gas  was  measured  in  its 
moist  state  it  must  have  contained  a  quantity  of  vapour  of 
water  diffused  through  it  proportional  to  the  temperature, 
which  would  counterbalance  part  of  the  column  of  air  pressing 
on  the  gas ;  this  portion  must,  therefore,  be  subtracted  from 
the  observed  height  of  the  barometer,  in  order  to  arrive  at  the 
true  pressure.  In  the  Appendix  will  be  found  a  table  (ex- 
tracted from  FreseniuB*8  '  Quantitative  Analysis '),  in  which 
the  force  of  the  aqueous  vapour  at  every  degree  of  Celsius 
from-  0^  to  40°  i»  expressed  in  millimetres^  Keferring  to  this- 
table,  it  will  be  found  that  at  the  temperature  at  which  the 
experiment  we  are  now  considering  was  made,  viz.  18*5  Cent., 
the  tension  of  the  aqueous  vapour  amounts  to  15*85  milli- 
metres ;  this,  therefore,  being  deducted  from  757*^  millimetres, 
the  observed  height  of  the  barometer,  gives  741'45  millimetres 
as  the  true  pressure  from  which  to  correct  the  volume  of  gas. 

Correction  of  the  Oasfor  pressure, — The  normal  pressure  is 
assumed  to  be  760  millimetres  (29*9  inches),  therefore — 
760  :  741-45  ::  88  87  :  3792  cubic  centimetres  =  the  volume 
of  nitrogen  corrected  for  temperature,  pressure,  and  aqueous 
vapour.    The  next  question  is — 

"What  is  the  weight  of  3792  cubic  centimetres  of  dry  nitro^ 
gen  gas  at  0^  Cent,  and  760*  millimetres  barom.  ? 

The  specific  gravity  of  nitrogen  is  0*9706,  atmospheric  air 
being  unity;  and  it  has  been  ascertained  by  careful  experi- 
ments that  1  litre  (1000'  cubic  centimetreSj  or  61*03  cubic 
inches)  weighs  at  0^  Cent,  and  0'76  metre  baromv  1'2609^  gramme 
(19*46  grains),  therefore : — 

As  1000  :  1*2609  : :  37*92 :  ai 

X  =  '0478  grm.  (0*738  grains)  =  the  weight  of  the  nitrogen 
yielded  by  0*600  grm.  of  the  substance  at  the  standard  tem- 
perature and  pressure  \  and — 

As  *600  :    0478  :  r  100  :  7*96 

=the  percentage  amount  of  nitrogen  in  the  substance  analysed. 
Simpson  (Annal.  d.  Chem.  u.  Pharm.  95,  74)  modifies  this 
process  by  bumiog  the  substance  with  a  mixture  of  oxide  of 
copper  and  oxide  of  mercury^  and  sweeping  the  air  out  of  the 
tube  by  a  current  of  carbonic  acid,  obtained  by  heating  carbo- 
nate of  protoxide  of  manganese  placed  in  the  posterior  end  of 
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the  combustion  tube,  instead  of  bicarbonate  of  soda.  The 
mixed  gases  are  collected  in  a  pear-shaped  receiver  of  peculiar 
construction,  filled  with  and  inverted  over  mercury ;  a  little 
strong  solution  of  caustic  potassa  being  thrown  in  to  absorb 
the  carbonic  acid;  when  the  combustion  is  finished  the  re- 
ceiver is  detached  &om  the  analjsing-tube,  and  the  nitrogen  is 
forced  into  a  graduated  receiver  bjthe  pressure  of  a  column  of 
mercury. 

Having  thus  detailed  the  general  principles  of  the  method 
of  deducing  the  percentage  amount  of  nitrogen  from  the 
volume  of  e;BS  obtained,  we  give  a  formula  founded  on  the 
above  considerations,  by  which  the  calculation  may  be  made  in 
a  few  minutes,  and  a  good  deal  of  trouble  saved. 
Let  V  be  the  observed  volume  of  gas. 

B  the  height  of  the  barometer. 

p  the  tension  of  aqueous  vapour. 

t  the  observed  temperature. 

m  the  weight  of  the  substance  analysed. 


Then, 


012609  V  (B-p) 

or 


m 0-76  (1  +  0003665 1) 

0'l659i?(B-p) 

w  (1  +  0-0036650"" 

the  percentage  amount  of  nitrogen.  If  the  analysis  quoted 
above  as  an  illustration  be  calculated  according  to  this  formula, 
the  result  will  be  found  to  be  the  same  as  that  at  which  we 
arrived  by  the  more  circuitous  method. 

(b.)  EHimation  of  Nitrogen  hy  dstermining  the  BelaHve  Pro- 
portion  between  the  Carbonic  Acid  and  Nitrogen  yielded  by  the 
Decomposition  of  the  Substance  (Liebig's  method). — This  me- 
thod, which  is  applicable  ouly  to  the  analysis  of  substances  rich 
in  nitrogen,  is  performed  by  burning  the  substance  in  the  usual 
way  with  oxide  of  copper  in  a  long  tube  not  drawn  out  at  the 
closed  end,  and  containing  at  least  5  inches  of  reduced  copper- 
turnings  at  its  anterior  end.  After  a  considerable  portion  of 
the  substance  has  been  decomposed,  and  when  it  is  concluded 
that  all  the  atmospheric  air  has  been  expelled  from  the  tube, 
the  evolved  gases  are  collected  over  mercury  in  a  series  of  gra- 
duated tubes,  about  a  foot  long,  and  half  an  inch  wide.  These 
tubes  are  then  transferred,  one  at  a  time,  to  a  tall  cylinder  (Fig. 
100)  containing  mercury,  where  the  united  volumes  of  carbonic 
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acid  and  nitrogen  are  accurately  measured,  the  mercury  within 

and  without  the  tubes  being  brought 
to  the  same  level :  a  small  quantity  of 
potassa  ley  is  then  thrown  up  into  the 
tubes  from  the  siphon  (Fig.  101)  by 
gently  blowing,  the  bent  extremity  be- 
ing introduced  at  the  open  end  of  the 
tubes  ;  and  after  the  absorption  of  the 
carbonic  acid  is  complete,  the  residual 
gas  is  again  measured,  the  mean  result 
of  all  the  tubes  is  taken,  and  the  volume 
of  the  carbonic  acid  relative  to  that  of 
the  nitrogen  gas,  expresses  immediately, 
without  any  further  calculation,  thepro- 
portion  of  the  equivalents  of  carbon  to 
those  of  nitrogen,  since  one  equivalent 
of  carbon  is  consumed  by  two  equiva- 
lents of  oxygen,  without  the  volume  of 
the  latter  undergoing  any  alteration, 
yielding  therefore  two  volumes  of  car- 
bonic acid ;  and  one  equivalent  of  ni- 
trogen yields  also  two  volumes  of  ni- 
trogen gas. 

The  amount  of  carbon  must  have  ^^'  *"^' 
been  ascertained  by  a  previous  experiment; 
and.  that  being  known,  the  weight  of  the  ni- 
tro^en  may  be  calculated  from  the  atomic  weights  of  carbonic 
acid  and  nitrogen:  thus,  suppose  the  proportion  of  carbonic 
acid  to  nitrogen  to  be  as  10  to  4,  then  tne  compound  analysed 
contains  10  x  6  =  60  carbon  to  4  x  14  =  56  nitrogen.  This 
is  the  proportion  in  which  these  elements  exist  in  uric  acid, 
for  the  analysis  of  which  this  njethod  answers  very  well ;  but 
in  cases  where  the  proportion  of  nitrogen  is  very  small,  or 
where  it  is  evolved  in  a  variable  proportion  at  different  stages 
of  the  analysis,  it  is  inapplicable,  and  the  method  before  de- 
scribed, or  the  one  we  shall  next  consider  must  be  adopted. 

(c.)  Bunsen^s  method. — A  stout  tube  of  diflScultly  fusible  glass 
about  14  inches  long,  and  from  half  to  three-fourths  of  an  inch 
internal  diameter,  is  drawn  out  at  one  end,  and  then  thickened, 
but  not  closed  in  the  blowpipe  flame.  From  half  to  three- 
fourths  of  a  grain  of  the  substance  is  well  mixed  with  about 
100  grains  of  oxide  of  copper,  and  a  small  quantity  of  clean 
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Fig.  100. 
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copper  tumiDgs,  and  the  mixture  is  introduced  into  the  tube, 
the  other  end  of  which  is  then  drawn  out  so  as  to  allow  a  space 
of  at  least  seven  inches  from  h  to  e.  The  tube,  thus  prepared 
and  filled,  has  the  form  shown  in  Fig.  102.     The  end  a  is  con- 


Fig.  102. 

nected  with  an  apparatus  for  generating  hydrogen  gns,  and  the 
end  d  with  an  exhausting  syringe.  The  gas,  previously  well 
dried  by  passing  through  strong  sulphuric  acid,  is  allowed  to 
flow  through  the  tube  until  all  atmospheric  air  has  been  ex- 
pelled, and  replaced  by  hydrogen  gas,  which  is  then  rarified  by 
raising  the  piston  of  the  exhausting  syringe,  and  the  tube  is  im- 
mediately closed  at  h  by  the  blowpipe  name.  It  is  then  exhausted 
as  completely  as  possible,  and  the  end  J  closed  by  the  blowpipe 
flame  at  c.  To  decompose  the  substance,  the  tube  is  now  buried 
in  freshly-prepared  gypsum  paste  laid  in  a  strong  iron  mould 
made  in  two  parts,  which  can  be  well  secured  together  with 
bolts,  and  in  which  several  holes  are  bored,  to  allow  free  issue 
to  the  aqueous  vapour.  As  soon  as  the  gypsum  has  thoroughly 
set,  the  mould  is  slowly  heated  to  bright  rednesss  in  a  suita- 
ble furnace,  and  kept  at  that  temperature  for  about  half  an 
hour,  it  is  then  allowed  to  cool,  after  which  the  mould  is  taken 
apart,  the  tube  is  carefully  removed  from  its  plaster  bed,  and 
the  point  broken  off  under  a  graduated  tube  filled  with  and  in- 
verted over  mercury ;  a  drop  of  water  is  previously  introduced 
into  the  tube,  to  saturate  the  moist  gas  with  aqueous  vapour. 
The  volume  of  the  gas  being  taken,  due  regard  being  had  to 
the  state  of  the  barometer  and  thermometer,  a  ball  of  moist- 
ened hydrate  of  potassa  attached  to  a  platinum  wire  is  intro- 
duced into  the  tube,  by  which  the  carbonic  acid  is  absorbed ;  the 
residual  nitrogen  gas  being  dried,  by  the  introduction  of  a  second 
unmoiatened  ball  of  hydrate  of  potassa,  its  volume  is  measured, 
the  volume  of  both  gases  being  reduced  to  the  same  tempera- 
ture, pressure,  and  dryness,  their  relative  volumes  are  ascer- 
tainea,  and  also  the  relation  of  the  equivalents  of  carbon  to 
nitrogen  in  the  substance  analysed.  Thjs  method  requires 
practice  and  dexterity  in  the  manipulation,  but  it  is,  notwith- 
standing the  smallness  of  the  quantity  operated  upon,  suscep- 
tible of  a  high  degree  of  accuracy. 
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(d.)  Etfimation  of  Nitrogen  6y  converting  it  into  Ammonia. 
— This  method,  which  was  invented  by  Drs.  "Will  and  Varren- 
trap,  and  which  is  founded  on  the  action  of  the  hydrates 
of  the  alkalies  on  nitrogenoua  comptouuda  at  high  tempera- 
tures,  has  already  been  described  (page  273).  This  pro- 
cess, though  accurate,  is  tedious,  on  account  of  the  necessity 
for  eTsporatiog  the  platinum  salt  on  the  water-bath,  and  it 
is  expensive,  on  account  of  the  alcohol  and  ether  which  are 
required.  An  important  modiBcation  of  the  method  was,  in 
consequence  of  these  objectiona,  deviied  by  Peligot  ('Comptea 
Sendus,'  March  29, 1847).  The  combustion  is  executed  in  the 
■ame  mannerat  in  Will  and  Yarrentrap's  method,  and  the  ammo- 
nia is  condensed  in  a  similar  bulb  apparatus  (see  annexed  cut. 
Fig.  108),  but  which,  instead  of  cootaming  hydrochloric  acid,  ia 


Fig.  103. 

partly  filled  with  a  fixed  weight  or  volume  of  sulphuric  acid  of 
known  strength.  Now,  as  tbe  ammonia  which  combines  with 
the  acid  lowers  its  strength,  by  determining  after  the  combua- 
tion  the  composition  of  this  liquid,  and  comparing  it  with  that  it 
previously  poaseased,  it  ia  easy  to  aecertain  the  quantity  of  am- 
monia that  naa  been  condensed,  and  consequently  the  amount  of 
nitrogen  yielded  by  the  aubstance  submitted  to  analyeis.  This 
operation  is  execut-ed  with  as  much  rapidity  as  precision,  bj- 
means  of  an  alkaline  aolution,  likewise  of  known  strength.  Peligot 
recommenda  a  solution  of  lime  in  syrup,  By  triturating  slaked 
lime  with  a  aolution  of  sugar,  it  dissolves  in  far  greater  propor- 
tion tbao  iu  pure  water,  and  the  compound  formed,  posaessea 
the  same  alkaline  reaction  as  if  the  base  which  it  contaiua  were 
iree.     The  operation  ia  conducted  aa  follows : — 

A  certain  quantity  of  aulphuric  acid  of  known  strength  is 
accurately  meaaured  into  the  condensing  apparatus.  The  acid 
employed  by  Peligot  contains  61250  grammes  of  SOgHO  to 
1  litre  of  water;  conaequeatly,  100  cubic  centimetres  corre- 
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spond  to  2*12  grammeB  of  ammonia,  or  1*75  gramme  of  nitro- 
gen. The  exact  strength  of  the  acid  is  determined  bj  precipi- 
tating an  accuratelj-measured  volume  with  chloride  of  barium, 
and  determining  with  the  greatest  care  the  quantity  of  sulphate 
of  baryta  produced. 

When  the  combustion  is  finished,  the  acid  which  has  served 
to  condense  the  ammonia  is  poured  into  a  cylindrical  ^lass,  the 
apparatus  carefully  washed,  and  to  this  liquid,  diluted  with  much 
water,  a  few  drops  of  litmus  are  added  to  give  it  a  red  colour. 
By  means  of  the  solution  of  lime  in  sugar,  which  is  contained 
in  a  burette  graduated  in  cubic  centimetres  and  in  tenths  of 
A  cubic  centimetre,  the  acid  liijuid  is  accurately  saturated,  being 
guided  by  the  blue  colour  which  the  liquor  suddenly  acquires 
when  the  point  of  saturation  is  attained.  The  quantity  of  alka- 
line liquor  required  to  produce  this  efiect  is  read  off  on  the 
burette ;  and  as  the  amount  of  the  lime  compound  which  satu- 
rates 10  cubic  centimetres  of  the  normal  solution  of  sulphuric 
acid  has  been  determined  by  a  previous  experiment,  by  sub- 
tracting from  this  quantity  that  found  for  the  acid  which  has 
absorbed  the  ammonia  from  the  nitrogenous  substance,  we  find 
the  volume  of  the  acid  solution  which  has  been  saturated  by 
the  ammonia,  and  consequently  the  weight  of  the  nitrogen 
which  the  body  contained. 

Shortly  after  the  publication  of  this  method,  some  experi- 
ments to  test  its  accuracy  were  undertaken  b^  the  author 
(Chem.  Gaz.,  vol.  v.  p.  411).  The  substance  expenmented  upon 
was  vitelline,  a  nitrogenous  principle  extracted  from  the  yolk 
of  the  egg.  The  standard  sulphuric  acid  employed  was  of  the 
specific  gravity  1'0504 ;  the  quantity  of  dry  acid  which  a  small 
bottle  of  about  one  cubic  inch  capacity  contained,  was  very  ac- 
curately determined  by  precipitation  with  chloride  of  barium,  to 
be  15*8  grains,  which  agrees  exactly  with  the  theoretical  amount 
calculated  from  the  specific  gravity  by  lire's  table.  By  a  simple 
calculation  it  was  ascertained  that  this  quantity  of  dry  acid  is 
equivalent  to  6*715  grains  of  ammonia,  or  to  5*53  grains  of  nitro- 
gen. The  solution  of  lime  in  sugar  was  of  such  a  strength  that 
it  required  54*25  divisions  of  the  burette  to  neutralize  exactly 
the  bottle  full  of  standard  acid.  The  condensing  apparatus 
employed  was  larger  than  it  is  usually  made :  it  had  three  bulbs 
instead  of  two,  and  held  about  two-thirds  of  the  contents  of  the 
bottle  without  being  sufficiently  full  to  excite  any  apprehension 
of  the  rushing  back  of  the  acid  into  the  combustion  tube  at  the 
close  of  the  operation. 
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JBsMimpJe' — ^7'58  grains  of  Titelline  were  burned  with  soda- 
lime,  and  the  ammonia  condensed  in  the  standard  acid,  which, 
after  the  combustion  was  finished,  was  transferred  to  a  beaker, 
and  the  apparatus  rinsed  out  repeatedly  with  distilled  water ; 
the  remainder  of  the  acid  in  the  bottle  was  then  added,  the 
whole  diluted  to  about  half  a  pint,  and  a  few  drops  of  litmus 
added ;  46  burette  measures  of  the  sugar-lime  were  required  to 
saturate  the  acid,  9*25  measures  (54*25—45)  therefore  repre- 
sent the  quantity  of  sugar-lime  equivalent  to  the  ammonia  given 
off  bj  the  substance ;  a  simple  calculation  shows  this  to  be  equal 
to  0*941  grains  of  nitrogen,  or  12*5  per  cent. 

In  a  second  experiment,  in  which  10'17  grains  were  burned,- 
42  measures  of  tne  sugar-lime  were  required  to  saturate  the 
acid,  which  gives  12*25  as  the  representative  of  the  sulphuric 
acid  condensed  bj  the  ammonia,  and  1*246  grains  as  the  amount 
of  nitrogen  =s  12*85  per  cent. 

In  a  third  experiment  a  different  standard  acid  was  employed, 
and  a  fresh  preparation  of  vitelline  analysed.  The  acid  was 
equivalent  to  4*004  grains  of  ammonia,  or  3*297  grains  of  nitro- 
gen ;  and  it  required  for  neutralization  82  divisions  of  sugar- 
lime,  which  was  also  a  fresh  preparation. 

7*24  grains  were  burned ;  after  the  combustion  28*25  mea- 
sures of  sugar-lime  were  required  to  saturate  the  acid;  82 
—28*25=8*75  measures  represent,  therefore,  the  sulphuric  acid 
neutralized  by  the  ammonia ;  tiiis  gives  0*9016  for  tne  nitrogen 
in  the  substance,  or  12  45  per  cent. 

These  three  experiments  agree,  it  will  be  observed,  venr 
closely  with  each  other.  Two  experiments,  in  which  the  ni- 
trogen was  estimated  as  double  chloride  of  platinum  and  ammo- 
nium, fi;ave  18*02  and  12*6  per  cent,  of  nitrogen,  numbers  which 
are  rather  higher  than  those  obtained  by  the  new  method ;  in« 
deed,  from  the  very  principles  of  Peligot's  process,  the  results 
must  always  be  a  trifle  below  the  truth,  it  In^in^  always  neces« 
sary  to  add  a  slight  excess  of  the  alkaline  solution,  in  order  to 
see,  by  the  change  of  the  liquid  from  red  to  blue,  when  neutra* 
lization  has  taken  place.  It  is  true  that  when  we  are  experi- 
menting with  a  periectly  colourless  acid,  the  smallest  addition 
of  the  lime  solution  above  that  required  for  the  perfect  neutra* 
lization  of  the  acid  immediately  determines  the  blue  colour : 
but,  after  the  acid  has  served  to  condense  the  ammonia  pro- 
duced by  the  combustion  of  an  animal  substance  with  Boda«lime, 
it  ia  always  more  or  less  coloured ;  nor  can  a  considerable  tinge 
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of  yellow  be  prevented,  although  it  may  be  much  diminished,  by 
using  a  long  combustion-tube  and  a  great  excess  of  soda-lime : 
this  colour  renders  it  somewhat  difficult  to  hit  the  precise  mo- 
ment when  neutralization  takes  place ;  if  the  sugar-lime  be  added 
till  the  liquor  becomes  distinctly  blue,  a  deficiency  of  nitrogen 
amounting  nearly  to  1  per  cent,  may  easily  occur,  and  it  is  only 
practice  that  will  enable  the  operator  to  stop  exactly  at  the 
proper  time.  The  best  practical  rule  is,  to  use  a  long  combus- 
tion-tube, to  keep  its  anterior  portion  very  hot,  and  to  dilute 
the  acid  considerably  with  water  previous  to  adding  the  alkaline 
solution.  One  great  advantage  which  the  method  of  Peligot 
possesses  over  all  others,  is  the  saving  of  time  which  it  effects, 
as  by  it,  a  nitrogen  determination  may  be  executed  in  less  than 
half  an  hour  with  as  much  accuracy  as  by  the  other  methods 
which  require  at  least  three  hours. 

This  process  is  equally  applicable  to  the  analysis  of  substances 
which  are  not  very  rich  in  nitrogen,  as  wheat,  vegetable  soil, 
etc.,  provided  a  sufBcient  quantity  of  the  substance  be  employed. 
It  has  been  objected  that  the  sugar  solution  does  not  keep,  but 
if  air  be  perfectly  excluded  it  remains  clear  for  a  considerable 
length  of  time,  it  may  however  be  replaced  by  a  standard 
solution  of  soda,  which  should  be  perfectly  free  from  carbonic 
acid. 

For  the  estimation  of  nitrogen  in  manures,  and  for  commercial 
purposes,  where  great  accuracy  is  not  required,  the  ammonia 
produced  by  burning  the  substance  with  soda-lime  may  be  con- 
densed in  a  solution  of  tartaric  acid  in  strong  alcohol.  The 
tube  conveying  the  ammonia  must  not  be  allowed  to  dip  into 
the  liquid,  the  receiver  containing  which,  should  be  provided 
with  a  safety  tube  and  connected  with  a  second.  The  ammonia 
is  collected,  and  precipitated  in  the  form  of  bi  tartrate  of 
ammonia,  a  salt  which  is  quite  insoluble  in  strong  alcohol ;  it  is 
washed  with  alcohol  on  to  a  tared  filter,  and  dried  at  about 
180°  F. ;  100  parts  of  the  dried  salt  contain  10*2  parts  of  am- 
monia =  8*4  of  nitrogen. 

Should  the  preliminary  examination  of  the  organic  compound 
have  indicated  the  presence  of  chlorine,  it  must  be  burned  with 
chromate  of  lead,  since,  if  oxide  of  copper  were  employed,  a 
portion  of  subchloride  of  that  metal  would  form,  and  condense 
in  the  chloride  of  calcium  tube ;  and  should  sulphur  be  present, 
a  tube  of  perfectly  dry  peroxide  of  lead  must  be  included  be- 
tween the  chloride  of  calcium  tube  and  the  potassa  bulbs,  in 
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order  to  convert  into  sulphuric  acid,  and  retain  as  sulphate  of 
lead  all  the  sulphurous  acid  which  may  have  formed  from  the 
oxidation  of  the  sulphur. 

The  amount  of  chlorine  in  chlorinated  compounds  is  deter- 
mined by  igniting  them  with  soda-lime,  or  by  transmitting  their 
vapour  through  soda-lime,  should  they  be  of  a  volatile  nature. 
The  ignited  mass  is  dissolved  in  dilute  nitric  acid,  and  the  chlo- 
rine determined  as  chloride  of  silver.  When  the  organic  com- 
pound is  of  an  acid  nature,  Lowig  dissolves  it  in  dilute  potassa 
ley,  evaporates  the  solution  to  dryness,  and  ignites  the  residue, 
by  which  the  chlorine  present  is  converted  into  a  metallic 
chloride. 

207.  Determination  of  the  Rational  JPormula  and  Atomic 
Weight  of  an  Organic  Substance: — 

(1.)  0/  an  Organic  Acid, — An  excellent  method  is  to  con- 
vert it  into  a  silver  salt,  and  to  determine  accurately  the 
amount  of  metal  which  it  contains. 

Example. — From  0*320  grm.  of  a  certain  crystalline  sub- 
stance having  acid  properties,  there  are  obtained  0'826  grm. 
of  carbonic  acid,  and  0*1715  grm.  of  water.  Another  portion 
of  the  acid  is  exactly  neutralized  with  ammonia,  and  the  solu- 
tion mixed  with  nitrate  of  silver.  A  white  curdy  precipitate 
falls,  which  is  washed  on  a  filter  with  cold  water,  and  purified 
by  two  or  three  crystallizations  out  of  boiling  water ;  0*334 
grm.  of  this  new  substance,  being  ignited,  yields  0*1485  grm. 
of  pure  silver. 

These  numbers  calculated  centesimally  give  the  following  as 
the  composition  of  the  acid,  and  salt : — 

Acid, 

Carbon 70-31 

Hydrogen 5*95 

Oxygen 23*74 

Hydrated  acid 10000 

Salt, 

Oxide  of  silver 47*73 

Anhydrous  acid 52*27 

Silver  salt 10000 

Now,  the  atomic  weight  of  oxide  of  silver  is  116,  therefore — 
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Ab  47-78  :  52-27  : :  116  :  x, 

X  =  12703,  the  atomic  weight  of  the  anhydrous  acid,  aad 
127-03  +  9  =  13603,  the  atomic  weight  of  the  hydrated  acid ; 
and,  to  deduce  from  this  number  the  formula  of  the  hydrated 
acid,  we  have,  first,  the  proportions — 

As  100  :  70-31  :  :  136-03  :  a? ;  ^  =  95  64 
As  100  :  5-95  : :  13603  \  x\  x  ^  809 
As  100  :  23-74  :  :  13603  :  * ;  «  =  32 29 

Then  by  dividinjg  each  of  these  numbers  respectively  by  the 
atomic  weights  of  carbon,  hydrogen,  and  oxygen,  we  have — 

,     =  16-94  for  the  carbon, 
b 

— -  =    8-09  for  the  hydrogen, 
'      •  =  4*036  for  the  oxygen, — 

o 

numbers  which  evidently  correspond  closely  with  the  formula 
C|«HgO^,  which  is,  therefore,  the  rational  tbrmula  of  the  acid 
in  question ;  and  which,  when  calculated  in  percentage  parts, 
agrees  almost  exactly  with  that  determined  by  experiment. 
Thus— 

Calculation.  Experiment. 

C.     .     70-58 70-31 

H.     .      5-88 6-95 

0  .     •    2354 23-74 

10000  100-00 

(2.)  Of  an  Organie  Base. — The  atomic  weights  and  formulo 
of  these  interesting  bodies  are  best  determined  by  analysing 
with  great  accuracy  the  insoluble  double  salts  which  they  form 
with  bichloride  of  platinum. 

Example. — Hofmann  and  Muspratt  obtained  by  acting;  on 
nitrotoluide  with  sulphuretted  hydrogen  a  crystalline  body 
having  basic  properties,  01955  grm.  of  which,  by  combustion 
with  oxide  or  copper,  gave  0*5630  grm.  of  carbonic  acid  and 
0*1515  grm.  of  water.  A  double  salt  of  the  faydrochlorate  of 
this  base  and  platinum  was  formed,  0*4337  mn.  of  which  gave, 
by  cautious  ignition,  0*1372  crm.  of  platinum.  Now  there 
IB  every  reason  for  supposing  that  this  double  salt  is  analogoui 
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in  composition  to  the  double  chloride  of  platinum  and  am- 
monium-— 

NH^Cl  +  PtCL, 
if  so,  its  atomic  weight  is  found  from  the  proportion — 
As  01372  :  04337  : :  98*68  (the  atomic  weight  of  platinum)  :  r, 
X  =  dll'93,  and  by  deducting  from  this  number  the  sum  of 
the  atomic  weights  of  one  equivalent  of  bichloride  of  platinum 
(169*68)  and  one  equivalent  of  hydrochloric  acid  (36*5),  we  get 
the  atomic  weight  of  the  new  base,  311*98  —  206*18  =  105*75. 
The  percentage  composition  of  the  base,  as  found  experi- 
mentaUj,  is — 

Carbon 7853 

Hydrogen 8*61 

Nitrogen 1286 

10000 

from  which  numbers  its  empirical  formula  may  be  deduced 

thus : — 

As  6  :  7853  :  :  1  :  a?;  a?  =  1309 
As  1  :  8-61  :  :  1  :  a?;  a?  =  861 
As  14  :  12*86  ::  1   :  or;  :r  =  0*918 

or  C14H9N,  which  agrees  best  with  the  eiperimental  numbers. 

Thus  :— 

Ci4 84.     ...     .     78-50 

H9 9    .     .     .     .      8-41 

N U    .    .    .    .    1309 

107  10000 

The  theoretical  number  107  agrees  so  well  with  the  experi- 
mental number  105*75,  that  there  can  be  no  doubt  that 
C14H9N  is  the  correct  formula  for  the  new  substance. 

Gas  09  Fuel  in  Oraanie  jdnalysis. — For  the  admirable  com- 
bustion-furnace in  wnich  the  source  of  heat  is  a  mixture  of 
coal  gas  and  atmospheric  air,  shown  in  Fig.  104,  we  are  indebted 
to  Hofmann,  by  whom  it  is  thus  described  (Journ.  Chem.  Soc, 
vol.  xi.  p.  30)  : — 

**  Some  years  ago,  a  peculiar  clay  burner  was  introduced 
under  the  name  of  atmopyre.  This  burner,  shown  in  Fig.  105,  is 
a  hollow  cylinder  of  burnt  clay,  closed  at  the  top,  open  at  the 
bottom,  and  with  numerous  perforations  through  the  sides. 
Those  which  I  use  are  3  inches  high,  and  of  j-  inch  exterior, 
and  }  inch  interior  diameter.    The  perforations,  of  about  the 
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thickaesB  of  a  pia,  are  made  in  rows ;  their  number  vonea 
thoae  vhich  T  employ  have  ten  rows,  each  of  fifteen  holes  From 
auch  a  clay-cylinder,  fixed  upon  an  ordinary  bat  a  w  ing 
burner,  the  stopcock  of  which  haa  been  appropriately  I 
adjusted,  the  gaa  buma  with  a  perfectly  blue  flame  j 
which  envelopes  the  cyliader  and  renders  it  in  a  short 
time  iu candescent.  These  clay-burners  are  readily  i 
obtainable  and  very  indestructible,  and  by  appropn 
ately  grouping  together  a  number  of  them  a  com 
plete  combustioQ-t'umace  for  organic  anaiyais  may  be 
arranged.  / 

"  Tlie  disposition  of  the  apparatus  being  obvious  from 
the  Pig,  IW,  a  few  explanatory  remarks  will  be  euf  ^"8  ^"^ 
ficieut.  Into  a  brass  tube  from  3  feet  to  3  feet  8  mches  in  length 
(shown  in  section  in  Fig.  106)  which 
commuuiuates  at  both  euda  with  the  gag 
roaiu  of  the  laboratory,  there  are  screwed 
from  twenty  to  thirty  tubes.  These 
tubes,  i  inch  thick,  and  7  inches  high, 
are  prorided  with  stopcocks,  aud  carry 
bracKets  of  i^  inches  length  and  ^ 
inch  diameter  for  the  reception  of  five 
ordinary  bat'a-wing  buraere  (each  con- 
suming from  3  to  4  cubic  feet  of  gas  per 
hour  for  a  full  luminous  effect),  upon 
which  a  correspoucling  number  of  clay- 
burners  is  filed.  Three  of  these  burn- 
ers are  3  inches  high,  the  other  two  i 
are  only  IJ-  inches  high,  and  have  only  ^"g-  1"®' 

seventy  or  eighty  perforations ;  supports  for  two  combustion- 
tubes,  side  by  side,  are  thus  provid«d,  which  are  bedded  in 
channels  of  heated  fire-clay.  The  system  of  brackets  lying  side 
by  side  acquires  sufficient  stability  by  a  strong  iron  frame 
which  rests  upon  two  firm  supports  of  cast-iron.  The  irou 
frame  has,  moreover,  a  groove  for  the  reception  of  move- 
able side  plates  of  fire-clay ;  they  are  of  the  same  height  as  the 
high  burners,  over  which  they  project  by  about  J  inch  in  con- 
sequence of  their  resting  upon  the  iron  frame ;  these  side  plates 
(which  in  Fig.  106  are  not  drawn  quite  high  enough)  are  in- 
tended as  supports  to  covering  plates  of  fire-clay  so  that  during  a 
combustion  the  whole  or  part  of  the  burnera  may  be  enclosen. 
"  It  deserves  to  be  noticed  that  the  cfGciencv  of  the  furnace 
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esseDtially  depends  upon  the  correct  disposition  of  the  gas-jets. 
The  most  appropriate  space  between  the  several  burners,  ac- 
cording to  numerous  experiments  made  for  the  purpose,  is  about 
•J-  inch.  It  is  very  important  for  the  attainment  of  a  perfectly 
uniform  temperature,  that  the  several  brackets  bearing  the 
burners  should  be  equidistant;  their  position  is  therefore  spe- 
cially secured  by  every  bracket  being  fixed  in  an  aperture 
formed  in  the  iron  frame. 

"  The  use  of  the  furnace  scarcely  requires  anv  special  remark. 
According  to  the  length  of  the  combustion  tube,  from  eight  to 
ten  stopcocks  (under  all  circumstances  the  largest  possible 
number)  are  opened  at  once  at  the  commencement  of  a  com- 
bustion. If  care  has  been  taken  to  regulate  the  amount  of  gas, 
either  by  the  stopcocks  in  the  horizontal  gas-pipe,  or  bv  those 
in  the  separate  supply  tubes,  the  lighted  portion  of  the  furnace 
in  ten  or  twelve  minutes  will  be  in  a  state  of  perfect  incandes- 
cence, comparable  only  to  the  ignited  mass  of  charcoal  in  an 
ordinary  combustion-furnace.  After  this,  it  is  only  necessary 
to  oi}en  the  remainder  of  the  stopcocks  in  appropriate  suc- 
cession to  ensure  a  slow  and  regularly  progressing  combustion. 
The  time  required  for  the  completion  of  an  analysis  varies  from 
forty  minutes  to  an  hour. 

*'  The  heat  obtained  by  this  furnace  is  extremely  uniform,  and 
since  it  is  conveyed  to  the  combustion-tube  chiefly  by  radiation 
from  the  incandescent  mass  of  surrounding  clay,  every  part  of 
the  tube  is  equally  heated.  The  temperature  which  it  is  ca- 
pable of  yielding  is  entirely  at  the  command  of  the  operator ; 
when  strained  to  its  full  power,  it  gives  a  heat  equal  to  that  of 
the  strongest  charcoal  combustion-furnace.  By  appropriately 
adjusting  the  stopcocks,  however,  it  is  possible  to  maintain  the 
furnace  at  any  desired  temperature." 

With  regard  to  the  quantity  of  gas  consumed  by  this  furnace, 
Hofmann  found  that  a  combustion,  lasting  one  hour,  and  re- 
quiring the  whole  length  of  the  furnace  (34  rows  of  burners) 
consumes  from  80  to  90  cubic  feet.  For  a  carbon  determina- 
tion with  24  rows  of  burners,  which  generally  lasts  about  40 
minutes,  from  50  to  60  cubic  feet  are  required,  and  for  a  nitro- 
gen determination  from  25  to  80  cubic  feet. 
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SPECIAL   METHODS, 


CHAPTEE  X. 

ON  THE  ANALYSIS  OF  MINERAL  WATERS. 

208.  Qualitative  Analysis. — The  principal  constituents  are 
detected  qualitatively  in  a  brief  and  simple  manner ;  the  rarer 
substances  are  most  conveniently  found  in  the  quantitative 
analysis. 

I.  Detection  of  Carbonic  Acid, — Add  to  a  portion  of  the 
water  which  has  been  recently  collected  and  kept  in 'a  well- 
stopped  bottle,  a  small  quantity  of  lirne  water  ;  if  a  precipitate 
be  formed,  carbonic  acid  is  present. 

n.  Detectionof  Sulphuretted  Hydrogen, — ^The  odour  of  the 
water  is,  in  most  cases,  a  sufficient  evidence  of  the  presence  of 
this  gas,  which  is  confirmed  by  adding  to  a  small  flask,  nearly 
filled  with  the  water,  a  few  drops  of  solution  of  acetate  of  lead, 
and  well  agitating;  a  black  precipitate,  or  a  more  or  less  brown 
coloration  of  the  fluid,  indicates  sulphuretted  hydrogen,  or  an 
alkaline  sulphide. 

III.  Detection  of  Sulphuric  Acid. — ^A  portion  of  the  water  is 
slightly  acidified  with  hydrochloric  acid  and  gently  warmed, 
chloride  of  barium  is  then  added ;  the  formation  of  a  white  pre- 
cipitate indicates  sulphuric  acid. 

IV.  Detection  of  Chlorine. — A  portion  of  the  water  is  acidified 
with  nitric  acid,  warmed,  and  nitrate  of  silver  added ;  a  curdy 
precipitate,  or  a  turbidity,  indicates  chlorine. 

T.  Detection  of  If itric  Acid. — ^A  considerable  quantity  of  the 
water  is  evaporated  to  dryness,  the  residue  is  dissolved  in  a 
small  quantity  of  water,  aud  tested  as  directed  in  section  203. 

VI.  Detection  of  Iodine. — A  large  quantity  (four  or  five  gal- 
lons) of  the  water  is  reduced  to  a  small  bulk  by  evaporation, 
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filtered,  and  a  portion  of  tbe  filtrate  is  tested  with  starcli  paste 
and  nitric  acid  as  directed  in  section  199. 

Tii.  Detection  of  Bromine, — Another  portion  of  the  residual 
fluid  is  treated  "^th  chlorine  water  and  ether,  as  described  in 
section  200. 

Detection  qfBcuee. 

I.  Detection  of  Lime, — Add  to  a  portion  of  the  water,  concen- 
trated if  necessary  by  eraporation,  oxalate  of  ammonia,  and 
allow  it  to  stand  for  a  considerable  time  in  a  warm  place ;  a 
white  precipitate  indicates  lime, 

II.  Detection  of  Magnesia. — Concentrate  the  filtrate  from  the 
oxalate  of  lime,  if  necessary,  by  evaporation,  and  add  to  the 
clear  residue  ammonia  and  phosphate  of  soda ;  the  formation, 
either  immediately,  or  after  agitation  and  rest,  of  a  crystalline 
white  precipitate,  indicates  magnetia, 

III.  Detection  of  Lime  in  the  form  of  Bicarbonate, — To  a  por- 
tion of  the  water,  solution  of  chloride  of  ammonium  is  added,  and 
then  ammonia ;  the  formation  of  a  white  precipitate  indicates 
bicarbonate  of  lime.  Should  a  notable  quantity  of  iron  be 
present,  the  precipitate  has  a  more  or  less  yellow  tinge ;  and 
this  is  also  the  case  if  the  water  contain  organic  matter. 

IT.  Detection  oftlie  Alkalies, — Should  the  water  contain  iron, 
that  metal  must  be  brought  to  the  state  of  sesquioxide  by  means 
of  chlorine,  it  is  then  precipitated,  together  with  all  the  other 
bases  but  magnesia,  by  carbonate  of  ammonia ;  the  further  pro- 
cess for  the  detection  of  the  alkalies  is  conducted  as  described 
in  section  159. 

T.  Detection  of  Ammonia, — A  few  drops  of  hydrochloric  acid 
are  added  to  a  considerable  quantity  of  toe  water,  which  is  then 
eraporated  xery  nearly  to  dryness  at  a  gentle  heat ;  the  resi- 
due is  tested  for  ammonia  by  caustic  potassa  or  by  hydrate  of 
lime.  Besides  the  above  acids  and  bases,  there  are  found  occa- 
sionally in  mineral  waters  the  following  substances : — Uthia, 
alumina^  etrontia,  osidee  of  manganese^  zinc^  and  copper,  amongst 
bases; and  sulphurous,  boracic,pho9pioriCj  hydrofluoric,  and  sili-- 
cie  acids  amon^  electro-negative  bodies.  These  bodies  are  never 
however  found  all  together  in  the  same  water,  and  as  they 
generaUy  exist  in  small  quantities  only,  they  are,  as  before  ob- 
served, best  detected  in  the  quantitative  examination. 

209.  Quantitative  Analysis, — Tbe  substances  to  be  estimated 
maybe,  amongst  bases,  j^c^/a^a,  soda,  lithia,  ammonia,  lime,  mo^- 


ANALYSIS  OF  MINERAL  ^ATEBS.  56? 

nena^  itrontia,  alumina,  oxides  of  manganese  and  iron;  and 
amongst  electro-negative  bodies,  sulphuric,  phospkorio,  silieicy 
nitric^  and  carbonic  acids;  chlorine,  bromine,  iodine, fluorine, 
and  sulphuretted  hydrogen,  crenic,  and  apoerenie  acids. 

If  the  operator  should  have  the  opportunitj  of  collecting  the 
water  himself  at  the  source,  he  should  pay  attention  to  the  fol- 
lowing particulars : — 1st,  its  temperature  as  compared  with  that 
of  the  air ;  2nd,  the  geolodcal  formation  of  the  locality  whence 
the  spring  originates  ;  drd,  the  yield  of  water ;  4th,  its  physical 
appearance ;  5th,  whether  or  not  it  deposits  an^  solid  matter  in 
the  pipes  or  channels  through  which  it  makes  its  exit  from  the 
spring  or  well ;  6th,  its  smell  and  taste :  in  short,  he  should 
make  himself  acqxiainted  as  accurately  as  possible  with  every 
particular  he  can  obtain  with  respect  to  the  general  history  of 
the  water  he  is  about  to  analyse. 

The  quantity  of  water  required  for  a  thorough  examination 
is  about  12  gallons ;  if,  however,  the  analyst  should  have  an 
opportunity  of  evaporating  down  a  considerable  ouantity  (say 
10  gallons  to  2  or  3  pints)  on  the  spot,  for  the  detection  and 
estimation  of  those  ingredients  which  only  exist  in  minute  quan- 
tities, such  as  iodine,  bromine,  phosphoric  acid,  fluorine,  oxide  of 
manganese, alumina,  strontia,  lithia,  and  the  oroanie  acids;  or, if 
he  should  choose  to  dispense  vrith  a  search  for  tnese  bodies^  then 
a  few  pints  will  suffice  for  a  complete  analysis  of  the  water  for 
the  other  ingredients. 

I.  Estimation  of  Garbonie  Acid. — The  water  for  this  purpose 
must  be  collected  at  the  spring  or  well  by  immersing  in  the 
water  a  large  pipette  of  exactly  known  capacity ;  four  or  five 
stoppered  bottles,  each  of  about  a  pint  capacity,  should  be  charged 
each  with  one  ounce  of  a  strong  solution  of  chloride  of  calcium 
and  an  ounce  and  a  half  of  ammonia,  free  from  carbonic  acid ; 
they  should  then  be  filled  with  the  water  poured  quietly  in,  to 
prevent  any  loss  of  carbonic  acid  from  splashing ;  all  the  car- 
bonic acid  contained  in  the  water  will  thus  be  precipitated  in 
the  form  of  carbonate  of  lime.    Thus — 

CaCl  -f-  NH4O  +  C03=CaO,C02  +  NH^Cl. 
The  precipitetes  in  the  different  bottles,  which  should  be  nearly 
alike  in  quantity,  are  collected  on  a  filter,  dried  at  212^,  ana 
weighed.  Theyare  then  mixed  tegether,  and  analysed  by  Ere- 
senius  and  Will's  method  (p.  268)  ;  the  result  shows  the  tetal 
amount  of  carbonic  acid  in  the  united  volumes  of  the  several 
bottles  of  water. 
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Should  tbe  water  contain  sulphuretted  hydrogen,  the  bottks 
may  be  charged  with  a  small  quantity  of  a  solution  of  arseniow 
acid  in  hydrochloric  acid,  and  the  hydrosulphuric  acid  estimated 
as  sulphide  of  arsenic  (p.  443) ;  or  the  estimation  may  be  made 
directly  in  the  water  by  a  standard  solution  of  iodine  in  iodide 
of  potassium  (p.  442). 

II.  Determination  of  the  Specific  Gravity  of  the  Water. — This 
is  effected  in  a  very  simple  manner  by  the  method  described  in 
page  228.  As  the  specific-gravity  bottle  has  been  adjusted  with 
distilled  water  at  60^  E.,  it  is  of  course  necessary  that  the  mi- 
neral water  should  be  brought  to  the  same  temperature  previ- 
ous to  weighing  it.  The  bottle  contains  exactly  1000  grains  of 
distilled  water ;  the  specific  gravity,  therefore,  of  the  mineral 
water  is  exactly  as  its  weight,  water  being  1000. 

III.  Determination  of  the  total  amount  of  Solid  Ingredients, — 
A  quantity  of  the  water  (varying  from  1000  to  10,000  grains)  is 
carefully  evaporated  to  dryness  on  the  water-bath,  the  residue  is 
dried  at  various  temperatures,  and  the  weight  taken  when  no  fur- 
ther diminution  is  perceptible.  If  the  water  contain  any  con- 
siderable amount  of  earthy  chlorides,  and  especially  if  it  con- 
tain ammoniacal  salts,  a  very  exact  result  cannot  in  this  man- 
ner be  obtained  regarding  the  amount  of  the  solid  contents,  for 
the  earthy  chlorides  retain  a  small  proportion  of  water  at  212°, 
while,  at  a  higher  temperature,  some  hydrochloric  acid  may  be 
set  free ;  chloride  of  ammonium  is  also  partly  volatilized  at 
temperatures  higher  than  212°.  If  the  water  do  not  contain 
ammonia,  oxide  of  iron,  or  alumina^  Schweitzer  (Mem.  Chem. 
Soc,  vol.  ii.  p.  201),  recommends,  as  a  control,  to  change  the 
carbonates,  chlorides,  etc.,  into  sulphates,  the  total  amount  of 
which  must  closely  correspond  with  the  amount  of  the  various 
ingredients  when  computed  as  sulphates ;  this  method  is  indeed 
applicable  when  ammonia  is  present,  as  that  substance  being 
dissipated  by  heat  must  be  deducted  from  the  total  amount  of 
ingredients  obtained  by  analysis.  Another  method,  in  cases 
where  great  accuracy  is  desirable,  is  to  evaporate  the  water 
with  a  proportionate  quantity  of  chemically  pure  anhydrous 
carbonate  of  »oda  sufiBcient  to  decompose  the  earthy  chlorides 
and  sulphates.  This  method  of  evaporating  with  carbonate  of 
soda  is  advantageous,  moreover,  in  preventing  the  formation  of 
sulphate  of  lime,  which  is  a  troublesome  ingredient,  inasmuch  as 
it  adheres  closely  to  the  evaporating  vessel,  is  not  readily  soluble 
in  dilute  hydrochloric  acid,  and  very  sparingly  soluble  in  water. 
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As  the  solid  matters  obtained  by  the  evaporation  of  a  mineral 
water  are  frequently  very  deliquescent,  the  crucible  should  be 
cooled  underneath  a  receiver  in  close  proximity  to  a  vessel  con- 
taining sulphuric  acid  (p.  247),  and  weighe(l  as  quickly  as 
possible. 

The  general  character  of  the  water  having  been  ascertained 
by  the  qualitative  examination,  the  quantitative  analysis  is  pro- 
ceeded with  in  the  following  manner  :— 

IT.  Estimation  of  the  Sulphuric  Acid. — Ten  thousand  grains 
(more  or  less,  according  as  the  preliminary  experiment  has  indi- 
cated a  greater  or  less  amount  of  sulphuric  acid)  are  acidified 
with  hydrochloric  acid,  and  precipitated  at  a  boiling  temperature 
by  chloride  of  barium  ;  the  precipitate  is  allowed  to  settle,  then 
collected  on  a  filter,  washed,  dried,  ignited,  weighed,  and  the 
amount  of  sulphuric  acid  calculated  as  directed,  page  438.* 

y.  JSstimation  of  the  Chlorine,  Iodine,  and  Bromine  (should 
the  water  contain  the  two  latter),  conjointly, — Two  thousand  or 
three  thousand  grains  of  the  water,  according  to  the  quantity 
of  chlorine,  etc.,  supposed  to  be  present,  are  acidified  with  ni- 
tric acid,  the  chlorine  precipitated  with  nitrate  of  silver,  and 
estimated  as  directed,  page  485. 

Should  the  water  contain  organic  matter,  it  should  be  freed 
from  it  before  estimating  the  chlorine,  or  it  would  be  partly 
precipitated,  together  with  the  silver-salt,  thereby  increasing  its 
weight ;  with  this  view  it  should  be  evaporated  with  carbonate  of 
soda  (perfectly  free  from  chloride  of  sodium),  the  liquid  filtered 
from  the  earthy  carbonate  precipitated,  evaporated  to  dryness, 
the  residue  fused,  redissolved  in  water,  nitric  acid  addea,  and 
then  precipitated  with  nitrate  of  silver.  As  an  illustration  of 
the  interference  of  organic  matter  with  a  correct  determina- 
tion of  the  chlorine,  Schweitzer  obtained  from  the  Bennington 
water,  as  a  mean  of  several  experiments,  10*053  grains  of  chloride 
of  silver  from  4  ounces  of  the  Jresh  water,  and  9*694  grains 
after  evaporating  it  with  carbonate  of  soda,  as  above  described. 

yi.  Estimation  of  the  total  amount  of  Lime  and  Magnesia,  Si- 
licic Acid,  and  Oxide  of  Iron, — From  1000  to  10,000  grains  of 
the  water  are  acidified  with  nitric  acid,  and  evaporated  to  dryness 

*  It  is  better  to  determine  the  yarious  ingredients  of  a  mineral  water 
from  weiffhsd  than  from  measured  qaantitiee  of  the  water ;  if  the  operator 
have  not  the  advantage  of  the  large  balance,  Fig.  43,  he  can  employ  the  spe- 
cific-grayitj  bottle,  the  contents  of  which,  when  quite  full  and  the  stopper 
in  its  place,  are  known  accurately. 
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at  a  heat  below  ebullition.  The  perfectly  dry  residue  is  digested 
with  dilute  hydrochloric  acid ;  the  silicic  acid  remains  undis- 
solved, haying,  b j  the  evaporation,  been  reduced  to  its  insoluble 
condition.  It  is  separated  bj  filtration,  and  estimated  as  di* 
rected  in  section  195.  The  filtrate  which  contains  the  inm^ 
lime,  and  magnesia  in  the  form  of  chlorides,  is  supersatu- 
rated with  ammonia,  by  which  oxide  of  iron  is  precipitated,  and 
is  collected  and  determined  as  directed  in  section  169.  The  lime 
is  thrown  down  as  oxalate^  from  the  filtrate  from  the  oxide  of 
iron,  by  oxalate  of  ammonia,  and  estimated  as  carbonate  or  sul« 
phate  in  the  manner  described  in  section  158,  and  the  magnesia 
is  precipitated  from  the  filtrate  from  the  oxalate  of  lime  (con- 
centrated, if  necessary,  by  evaporation)  with  phosphate  of  soda, 
and  estimated  as  pyrophosphate,  as  directed  in  section  159. 

Schweitzer  proceeds  in  a  different  manner.  He  commences 
with  evaporating  a  large  quantity  of  the  water  down  to  a  few 
ounces,  together  with  a  proportionate  quantity  of  anhydrous 
carbonate  of  soda ;  he  throws  the  residue  on  a  filter,  and  lixi* 
viates  the  solid  matter  with  boiling  distilled  water  till  the  fil- 
tered liquor  gives  no  indications  of  sulphates  and  chlorides ;  he 
then  makes  analyses  of  the  soluble  and  insoluble  ingredients 
separately.  The  soluble  portion  contains  the  alkalies  and  mag- 
nesia in  the  form  of  sulphates,  chlorides,  nitrates,  bromides,  or 
iodides ;  and  the  insoluole  portion  contains  the  earths  in  the 
form  of  carbonates ;  silica,  oxide  of  iron,  oxide  of  manganese,  etc. 

Yii.  Estimation  of  the  Lime,  Magnesia,  and  Oande  of  Iron 
dissolved  in  the  water  hy  free  Carbonic  Acid. — Ten  or  twelve 
thousand  grains  of  the  water  are  boiled  for  some  time  in  a  flask, 
the  free  carbonic  acid  is  hereby  expelled,  and  tha  substances 
which  it  held  in  solution  are  precipitated.  The  operator  must 
be  careful  not  to  allow  the  volume  of  the  water  to  be  much 
diminished  by  the  ebullition,  or  a  portion  of  sulphate  of  lime 
may  be  precipitated,  together  with  the  earthy  carbonates ;  boil- 
ing distilled  water  should  be  added  from  time  to  time  to  the 
flask.  The  precipitate  is  collected  on  a  filter,  dissolved  in 
hydrochloric  acid,  a  few  drops  of  nitric  acid  added,  and  the 
oxide  of  iron,  lime,  and  magnesia  separated  from  each  other 
in  the  usual  manner. 

Schweitzer  dissolves  the  insoluble  matter  obtained  by  his 
process  in  nitric  acid,  evaporates  the  solution  to  dryness,  and 
leaves  the  residue  for  several  hours  in  contact  with  nitric 
acid ;  he  then  boils  with  hydrochloric  acid,  and«  having  sepa- 
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nted  tbe'  silicic  acid,  he  precipitateB  the  iron  by  succinate  of 
ammonia.  To  the  filtrate  from  the  persaocinate  of  iron  he  adds 
aulphide  of  ammonia,  which  throws  down  the  manganese ;  he 
bonis  the  sulphide  of  manganese  with  hydrochloric  acid,  preci- 
pitates it  with  carbonate  of  soda,  washes  and  ignites  the  pre- 
cipitate, which  he  estimates  as  red  oxide  of  manganese.  Having 
removed  the  excess  of  sulphide  of  ammonium  from  the  fluid 
filtered  from  the  sulphide  of  manganese,  by  boiling  it  with 
hydrochloric  acid,  Schweitzer  mixes  it  in  a  vessel  that  can  be 
<sloBed,  with  ammonia:  the  precipitate  which  hereupon  forms, 
he  filters  quickly,  protecting  it  as  much  as  possible  from  the  air, 
and  bavins  washed  and  ignited  it,  he  redissolves  it  in  hydro- 
chloric acid.  He  mixes  the  solution  with  bicarbonate  of  po- 
tassa,  and,  having  dissolved  the  precipitate  (should  any  form)  in 
hydrochloric  acid,  he  boils  the  solution  with  caustic  soda ;  if  a 
precipitate  should  hereby  be  produced,  it  is  oxide  of  iron,  and 
must  be  redissolved  in  hydrochloric  acid  and  precipitated  by 
ammonia::  the  caustic  ley  may  contain  alamina ;  to  obtain  which, 
it  is  supersaturated  with  hydrochloric  acid,  ^d  precipitated  by 
ammonia.  All  the  magnesia  present  is  retained  in  solution 
by  the  bicarbonate  of  potassa ;  to  obtain  it,  Schweiteer  neutra- 
lizes the  fluid  with  hydrochloric  acid,  evaporates  it  quickly 
with  carbonate  of  potassa,  and,  when  nearly  dry,  mixes  it  with 
boiling  water,  and  filters ;  he  then  washes,  ignites,  and  esti- 
mates the  residue  as  magnesia.  The  ammoniacal  solution  from 
which  the  magnesia  had  been  precipitated  contains  the  lime^ 
which  is  precipitated  with  oxalate  of  ammonia.  The  detection 
of  small  quantities  of  manganese  in  the  iron  precipitated  is 
best  efiected  by  Crum's  process,  which  consists  m  treating  the 
precipitate  with  nitric  acid,  and  adding  a  small  quantity' of 
bmoxide  of  lead.  If  manganese  be  present,  the  li(juid  exhibits, 
as  soon  as  the  precipitate  has  subsided,  the  magnificent  colour 
of  permanganic  acid. 

Tin.  Estimation  of  the  Lime  and  Magnesia  in  the  filtrate 
from  the  precipitate  produced  by  ebullition. — ^They  are  determined 
in  the  usual  manner,  the  lime  being  first  precipitated  by  oxalate 
of  ammonia,  and  the  magnesia  by  phosphate  of  soda.  The 
joint  amount  of  the  oxide  of  iron,  lime,  and  magnesia  obtained 
in  the  precipitate  by  boiling,  and,  in  the  filtrate,  ought  to  cor- 
respond with  the  total  quantity  of  those  ingredients  found  by 
the  previous  experiment. 

IX.  Estimation  of  the  Alkalies.— Ahoxxt  10,000  grains  of  the 
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water  are  evaporated  to  about  one-half,  then  mixed  with  excess 
of  baryta  water,  filtered,  carbonate  of  ammonia  added,  again  fil- 
tered, the  filtrate  evaporated  to  dryness,  ignited,  and  the  alka- 
lies separated  from  each  other,  and  determined  as  directed, 
page  259.  If  however  the  water  contain  a  fixed  alkaline  car- 
bonate, a  different  plan  is  adopted.  The  water  is  concentrated 
by  evaporation,  filtered,  and  divided  into  two  parts ;  in  one, 
the  amount  of  chlorine  is  at  once  determined  by  nitrate  of 
silver ;  the  other  is  evaporated  to  dryness  with  slight  excess 
of  hydrochloric  acid,  the  residue  gently  ignited,  redisaolved  in 
water,  and  precipitated  in  its  torn  by  nitrate  of  silver.  The 
amount  of  chlorine  obtained  from  this  second  portion  above 
that  obtained  from  the  first,  is  the  equivalent  of  the  quantity 
of  carbonated  alkali  originally  present  in  the  water.  Having 
thus  ascertained  the  amount  of  carbonated  alkali,  the  total 
quantity  of  the  alkalies  present  is  found  by  boiling  the  water 
with  chloride  of  barium  for  some  time,  and  then  adding  baryta 
water  and  filtering ;  the  filtrate  is  precipitated  with  carbonate 
of  ammonia,  again  filtered,  and  evaporated  to  dryness  ;  the  re- 
sidue consists  of  the  alkalies  in  the  form  of  chlorides. 

X.  Estimation  of  the  Iodine. — ^The  filtrate  from  the  precipi- 
tate produced  by  evaporating  10  or  12  gallons  of  the  water  down 
to  2  or  3  pints,  is  evaporated  to  dryness,  together  with  carbo^ 
nate  of  soda,  the  residue  is  digested  repeatedly  with  alcohol, 
the  alcoholic  extract  evaporated  to  dryness,  and  the  residue 
gently  ignited  in  a  platinum  crucible  to  destroy  the  organic 
matter;  it  is  then  dissolved  in  water  and  filtered,  the  clear 
liquor  is  carefully  neutralized  with  dilute  hydrochloric  acid,  and 
then  precipitated  with  protochloride  of  palladium ;  the  prot- 
iodide  of  palladium,  after  standing  at  rest  twelve  hours,  is 
collected  on  a  filter,  washed  with  warm  water,  dried  at  a  tem- 
perature below  212°,  and  weighed.  For  its  composition,  see 
page  496. 

XI.  Estimation  of  the  Bromine. — The  fluid  filtered  from  the 
protiodide  of  palladium  is  saturated  with  sulphuretted  hydrogen 
gas,  in  order  to  remove  the  excess  of  the  palladium  salt ;  it  ia 
then  filtered,  boiled  with  nitric  acid,  filtered  again  if  necessary, 
and  then  precipitated  with  nitrate  of  silver;  the  precipitate 
which  contains  all  the  bromine,  together  with  the  chlorine  in 
the  form  of  bromide  and  chloride  of  silver,  is  analysed  according 
to  the  directions  given  in  section  200.  Schweitzer(Phil.  Mag., 
vol.  XV.  p.  51),  having  separated  the  excess  of  the  palladium  salt, 
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evaporates  to  dryness, redissolyes  in  water,  concentrates,  and  then 
adds  to  the  solution  a  few  drops  of  an  ammoniacal  solution  of 
chloride  of  siWer,  prepared  bv  mixing  one  part  of  a  saturated 
solution  of  chloride  of  silver  in  ammonia,  with  one  part  of 
ammonia  and  one  of  water ;  this  solution,  though  it  produces 
no  turbidity  in  a  saturated  solution  of  chloride  of  sodium,  he 
finds  to  indicate  a  very  minute  quantity  of  bromine,  which  it 
precipitates  as  bromide  of  silver. 

XII.  Estimaiion  of  the  Nitric  Acid, — About  a  gallon  of  the 
water,  more  or  less,  according  to  the  amount  of  solid  ingredients, 
is  evaporated  with  an  excess  of  pure  carbonate  of  soda :  the  pre- 
cipitate which  is  formed  is  filtered  off  and  washed,  the  filtrate 
is  evaporated  to  dryness,  and  the  residue  well  mixed  and 
weighed ;  it  is  divided  into  two  or  more  parts,  each  of  which  may 
be  analysed  for  nitric  acid  by  Felouze's  method,  as  modified  by 
Eresenius  (page  517).  For  methods  of  detecting  minute  quanti* 
ties  of  ammonia  and  nitric  acid  in  rain-water,  the  student  is 
referred  to  a  valuable  memoir  read  at  the  meeting  of  the  British 
Association  in  1854,  by  Messrs.  Lawes  and  Gilbert,  and  to  a 
paper  by  Dr.  E.  Pugh  (Quart.  Joum.  Chem.  Soc,  vol.  xii.  p.  35). 

XIII.  JEstimation  of  the  Ammonia. — A  considerable  quanti^ 
of  the  water  is  concentrated  by  evaporation,  having  been  previ- 
ously acidified  slightly  with  hydrochloric  acid.  The  concentrated 
fluid  is  mixed  in  a  tubulated  glass  retort  with  considerable 
excess  of  caustic  soda,  and  boiled  for  a  long  time,  the  evolved 
vapours  being  condensed  in  a  receiver  containing  dilute  hydro- 
chloric acid,  and  kept  cool  by  being  surrounded  with  ice  or 
cold  water.  The  boiling  having  been  continued  till  only  two 
or  three  ounces  of  fluid  remain  in  the  retort,  the  distilled  fluid 
is  mixed  with  bichloride  of  platinum,  and  evaporated  in  a  por- 
celain vessel.  The  dry  residue  is  lixiviated  with  a  mixture  of 
two  volumes  of  alcohol  and  one  of  ether,  in  which  the  am- 
monio-chloride  of  platinum  is  perfectly  insoluble ;  it  is  then 
dried  at  212^  and  weighed :  for  its  composition,  see  page  272. 
To  control  the  correctness  of  the  weight,  the  double  salt  may 
be  ignited,  and  the  weight  of  the  platinum  obtained  compared 
with  theory.  Schweitzer  states  that  the  addition  of  bichloride 
of  platinum  to  the  distillate  previous  to  evaporating  it  even  at  a 
temperature  below  212^,  is  quite  essential  to  obtaining  correct 
results,  inasmuch  as  chloride  of  ammonium  rises  with  the  aque- 
ous vapours, — a  fact  easily  ascertained  by  covering  the  vessel 
during  evaporation  with  filtering-paper,  which  when  lixiviated 
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will  clearly  evince  the  preaence  of  chloride  of  amtnoniam,  m 
had  been  noticed  by  Berzelius. 

ziY.  EstimoHon  of  X»/Ata.-^Should  there  be  reasons  for  sus- 
pecting the  presence  of  this  alkali,  it  must  be  looked  for  in  the 
nitrate,  produced  by  evaporating  10  or  12  gallons  of  the  water, 
about  a  pound  of  which  should  be  retained  for  the  purpose.  It 
is  boiled  to  dr3rne88  with  excess  of  carbonate  of  soda ;  the  re- 
sidue redissolved  in  water,  filtered,  and  again  evaporated  to 
dryness  with  phosphate  of  soda ;  the  residue  is  digested  at  a 
gentle  heat  with  water,  then  ammonia  added,  and  the  precipi- 
tate (if  any)  filtered  off  after  standing  for  some  hours :  it  is 
washed  on  the  filter  with  ammonia-water,  and  dried  at  a  mode* 
rate  heat.  Basic  phosphate  of  lithia  (3LiO,POg)  contains  37 
per  cent,  of  lithia. 

XT.  Pkoiphorie  And, — This  is  looked  for  in  the  precipitate 
formed  by  DoUing  down  several  gallons  of  the  water.  A  por- 
tion is  dissolved  in  hydrochloric  acid,  and  the  phosphoric  acid 
tested  for,  and  estimated  as  directed  in  section  193.  Another 
portion  of  the  precipitate  may  be  examined  for  troft,  alumina^ 
and  fnanaanese^  with  which  view  it  is  redissolved  in  hydrochloric 
acid,  ana  nitric  acid  having  been  added  to  peroxide  of  iron,  the 
solution  is  supersaturated  with  caustic  potassa,  by  which  the 
iron  and  manganese  are  precipitated,  and  the  alumina  retained 
in  solution;  from  the  alkaline  solution  the  alumina  is  preci- 
pitated by  chloride  of  ammonium :  the  mixed  oxides  of  iron 
and  manganese  are  redissolved  in  hydrochloric  acid,  and  the 
oxides  separated  as  directed,  page  313. 

XTI.  Fluorine, — This  element  is  to  be  sought  for  in  the  inso- 
luble portion  of  the  saline  residue  from  a  considerable  quantity 
of  the  water.  About  600  grains  are  mixed  with  a  small  quantity 
of  pure,  finely  divided  quartz,  and  boiled  for  about  an  hour 
witti  concentrated  sulphuric  acid.  If  fluorine  be  present,  it  is 
disengaged  in  the  form  of  fluoride  of  silicon,  which  is  passed 
into  water,  the  resulting  hydrofluosilicic  acid  is  decomposed  by 
ammonia,  and  the  fluoride  of  ammonium,  after  separating  the 
silica  by  filtration,  is  evaporated,  and  gently  heated  in  a  platmum 
crucible  with  concentrated  sulphuric  acid ;  hydrofluoric  acid  is 
disengaged,  which  is  recognized  by  its  action  on  glass.  Should 
fluorine  be  present  in  some  quantit^r,  it  will  become  perceptible 
at  once  on  passing  the  fluoride  of  silicon  into  water,  a  noccu* 
lent  precipitation  of  silica  taking  place,  which  becomes  aug- 
mented by  the  addition  of  ammonia. 
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XYii.  EMmaiian  of  Organic  aeide  {Orenic  and  Apoerenic).-^ 
According  to  the  observations  of  Mulder,  which  will  be  referred 
to  again  in  the  section  on  the  analysis  of  soils,  there  exist  in 
the  soil  at  least  seveo  different  organic  substances,  viz.  erenie 
aeidf  apoorenio  acid,  geic  acid,  humic  add,  uhnic  acid,  humin, 
and  ulmin;  he  divides  these  substances  into  two  groups — 
the  humic,  including  geic  acid,  humic  acid,  uknic  acid,  humin^ 
and  ulmin,  and  the  crcnic,  including  crenic  and  apocrenic 
acids ;  of  these  bodies  humm  and  ulmin  are  insoluble  in  water 
and  in  alkalies,  the  others  are  more  or  less  soluble  in  both; 
the  membaro  of  the  humic  group  are  precipitated  from  their 
alkaline  solution  by  an  acid,  while  apocrenic  and  crcnic  acids 
are  retained  in  solution ;  none  of  these  acids  contain  nitrogen 
as  a  constituent  element,  though  they  all  stand  in  the  eloseat 
relation  to  ammonia,  with  which  they  form  salts  in  the  soil,  and 
jthe  same  is  probably  the  case  when  ihe  two  latter  exist  in  mi* 
neral  waters. 

The  crenic  and  €pocrenic  wiiAs  are  not  precipitated  from 
their  alkaline  solutions  by  an  acid,  as  above  stated.  To  de* 
tect  and  estimate  them  in  water,  ther^re,  a  weighed  por^ 
tion  of  the  precipitate,  produced  by  boiling  down  some  gallons, 
is  boiled  for  some  time  with  potassa  ley,  then  passed  throueh  a 
filter,  acidified  with  acetic  acid,  and  acetate  of  copper  added; 
the  formation  of  a  brownish  precipitate  indicates  apocHrenate 
of  copper,  which  contains,  acceding  to  Mulder,  about  50  per 
cent,  of  apocrenic  acid.  The  fluid  filtered  from  this  precipi- 
tate is  mixed  with  excess  of  carbonate  of  ammonia,  and  then 
boiled ;  if  crenic  acid  be  present,  a  bluish-green  precipitate  is 
formed,  which,  when  dried  at  281^  F.,  contains,  according  to 
Mulder,  74' 12  per  cent,  of  oxide  of  copper. 

Besides  these  organic  acids,  most  mineral  waters  contain 
certain  other  organic  'matters,  which  may  be  determined  in 
the  filtrate  from  the  precipitate  produced  by  boiling  down  a 
considecable  quantity  of  the  water,  by  evaporating  it  to  dry- 
ness with  oarbonate  of  soda ;  the  residue  is  dried  at  about 
284^  F.,  weighed,  ignited,  and  then  again  weighed :  the  loss  in* 
dicates  the  amount  of  extracted  matter. 

XTiii.  Determination  of  the  degree  of  hardness  of  natural  water 
(Clark'fl  process). — By  the  term  hardness^  as  applied  to  a  water, 
we  understand  that  property  which  it  possesses  of  decomposing 
soap,  and  of  forming  therewith  an  insoluble  oompouna.  AU 
natural  waters  possess  this  property  in  a  greater  or  less  degree^ 
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but  practicall  J  the  hardening  constituents  are  the  earthy  salts, 
Tiz.  the  carbonates  of  lime  and  magnesia,  chlorides  of  calcium 
and  magnesium,  sulphate  and  nitrate  of  lime,  and  sulphate  of 
magnesia;  the  alkaline  salts  are  almost  without  any  effect. 
"Waters  which  have  their  origin  in  chalky  soils,  where  the 
water  charged  with  carbonic  acid  percolates  through  the  soil, 
and  readily  takes  up  some  of  those  salts,  which  are  otherwise 
nearly  insoluble,  are  nearly  always  very  hard ;  and  it  is  im- 
portant therefore  to  ascertain  how  this  hardness  may  be  re- 
moved, or  at  any  rate  lessened,  in  the  cheapest  and  most 
effectual  manner.  Now  the  hardness  of  a  water  may  be  tempo- 
rary only,  or  it  may  be  permanent ;  if  the  only  earthy  salts 
it  contains  are  the  carbonates  of  lime  or  of  magnesia,  or  both, 
they  may  be  removed  by  simply  boiling ;  but  if  the  water  contain 
lime  and  magnesia  only  in  tne  forms  of  nitrates,  sulphates,  and 
chlorides,  it  cannot  be  improved  by  mere  boiling,  and  its  hard- 
ness is  very  difficult  to  remove;  if  the  water  contain  earthy 
salts  in  the  forms  of  carbonates,  sulphates,  nitrates,  and  chlorides, 
then  it  will  have  its  hardness  lessened  by  boiling, precisely  in  pro- 
portion to  the  quantity  of  earthy  carbonates  which  it  contains. 

We  are  indebted  to  Dr.  Clark  for  a  very  simple  method  of 
determining  the  degree  of  hardness  of  a  water.  It  consists  in 
ascertaining  the  quantity  of  a  standard  solution  of  soap  in  spirit 
required  to  produce  a  permanent  lather  with  a  given  quantity 
of  the  water  under  examination ;  the  result  being  expressed  in 
degrees  of  hardness,  each  of  which  corresponds  to  one  ^rain  of 
carbonate  of  lime  in  a  gallon  (=70,000  grains  of  distilled  water) 
of  the  water.  From  the  specification  of  his  patent  (enrolled 
8th  September,  1841),  we  gather  the  following  particulars : — 

(a.)  Preparation  of  the  Soap  test. — Sixteen  grains  of  pure 
Iceland  spar  (carbonate  of  lime)  are  dissolved  (taking  care  to 
avoid  loss)  in  pure  hydrochloric  acid,  the  solution  is  evaporated 
to  dryness  in  an  air-bath,  the  residue  is  again  redissolved  in 
water,  and  again  evaporated,  and  these  operations  are  repeated 
until  the  solution  gives  to  test-paper  neither  an  acid  nor  an 
alkaline  reaction.  The  solution  is  made  up  by  additional  dis^* 
tilled  water  to  the  bulk  of  precisely  one  gallon ;  it  is  then  called 
the  "standard  solution  of  16  degrees  of  hardness."  Good 
London  curd  soap  is  dissolved  in  proof  spirit,  in  the  proportion 
of  one  ounce  avoirdupois  for  every  gallon  of  spirit,  and  the 
solution  is  filtered  into  a  well-stoppered  phial  capaole  of  holding 
2000  grains  of  distilled  water ;  '100  test  measures,  each  measure 
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equal  to  10  water  grain-measureB  of  the  standard  solution  of 
16  degrees  of  hardness,  are  introduced.  Into  the  water  in  this 
phial  the  soap  solution  is  gradually  poured  from  a  graduated 
burette;  the  mixture  being  well  shaken  after  each  addition 
of  the  solution  of  soap,  until  a  lather  is  formed  of  sufficient 
consistence  to  remain  for  five  minutes  all  over  the  surface  of 
the  water,  when  the  phial  is  placed  on  its  side.  The  number 
of  measures  of  soap  solution  is  noticed,  and  the  strength  of  the 
solution  is  altered,  if  necessary,  by  a  further  addition  of  either 
soap  or  spirit,  until  exactly  32  measures  of  the  liquid  are  re- 
quired for  100  measures  of  the  water  of  16  degrees  of  hardness. 
The  experiment  is  made  a  second  and  a  third  time,  in  order  to 
leave  no  doubt  as  to  the  strength  of  the  soap  solution,  and 
then  a  large  quantity  of  the  test  may  be  prepared ;  for  which 
purpose  Dr.  Clark  recommends  to  scrape  off  the  soap  into 
shavings,  by  a  straight  sharp  edge  of  glass,  and  to  dissolve  it 
by  heat  in  part  of  the  proof  spirit,  mixing  the  solution  thus 
formed  with  the  rest  of  the  proof  spirit.* 

(b.)  Process  for  ascertaining  the  Hardness  of  Water. — Pre- 
vious to  applying  the  soap-test,  it  is  necessary  to  expel  from 
the  water  the  excess  of  carbonic  acid  ;  that  is,  the  excess  over 
and  above  what  is  necessary  to  form  alkaline  or  earthy  bi-carbo- 
nates  :  this  excess  having  the  property  of  slowly  decomposing 
a  lather  once  formed.  For  this  purpose,  before  measuring  out 
the  water  for  trial,  it  should  be  shaken  briskly  in  a  stoppered 
glass  bottle  half^^filled  with  it,  sucking  out  the  air  from  the 
bottle  at  intervals  by  means  of  a  glass  tube,  so  as  to  change 
the  atmosphere  in  the  bottle  ;  100  measures  of  the  water  are 
then  introduced  into  the  stoppered  phial,  and  treated  with  the 
soap  test,  the  carbonic  acid  eliminated  being  sucked  out  from 
time  to  time  from  the  upper  part  of  the  bottle.  The  hardness 
of  the  water  is  then  inferred  directly  from  the  number  of 
measures  of  soap  solution  employed,  by  reference  to  the 
subjoined  table.  In  trials  of  waters  above  16  degrees  hard- 
ness, 100  measures  of  distilled  water  should  be  added,  and  60 
measures  of  the  soap  test  dropped  into  the  mixture,  provided 
a  lather  is  not  formed  previously.  If  at  60  test  measures 
of  soap  test,  or  at  any  number  of  such  measures  between  32° 
and  60°,  the  proper  lather  be  produced,  then  a  final  trial  may 

*  This  standard  soap  solutionj  with  the  burette,  mixing-bottle  and  pipette, 
for  delivering  exactly  100  test  measures  of  water,  may  be  obtained  oi  Mr. 
Griffin,  Bunhill  Row. 


/        > 
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be  made  in  the  following  maimer  :-*-100  test  measurea  of  the 
water  under  trial  are  mixed  with  100  measures  of  distilled 
water,  well  agitated,  and  the  carbonic  acid  sucked  oat ;  to  this 
mixture  soap-test  is  added  until  the  lather  is  produced,  the 
number  of  test  measures  required  is  divided  by  two,  and  the 
double  of  such  degree  will  be  the  hardness  of  the  water ;  for 
example,  suppose  half  the  soap-test  that  has  been  required 
correspond  to  10^  degrees  of  hardness,  then  the  hardness  of 
the  water  under  trial  will  be  21.  Suppose,  however,  that  60 
measures  of  the  soap-test  have  failed  to  produce  a  lather,  then 
another  100  measures  of  distilled  water  are  added,  and  the  pre- 
liminary trial  made,  until  90  test  measures  of  soap-eolution 
have  been  added ;  should  a  lather  now  be  produced,  a  final 
trial  is  made  by  adding  to  100  test  measures  oi  the  water  to  be 
tried,  200  test  measures  of  distilled  water,  and  the  quantity  of 
soap  test  required  is  divided  by  3,  and  the  degree  of  hardnpsa 
corresponding  with  the  third  part  being  ascertained  by  com* 
parison  with  the  standard  solutaons,  this  degree  multiplied  by 
3  will  be  the  hardness  of  the  water.    Thus,  suppose  84'5  mea- 

84*5 
sures  of  soap-solution  were  required,  —-—  =  28*6,  and,  on  re- 

o 

ferring  to  the  Table,  this  number  is  found  to  correspond  to  14®, 

which,  multiplied  by  3,  gives  42°  for  the  actual  hardness  of  the 

water. 

TABL£  OF  SOAP-TEST  HBASTTBXS,  COBSSSPOITDIKG  TO  OKB 
.    HTJirnBXD  TEST  MEASUBES  07  EACH    STANDABD   SOLUTION. 

Degree  of  Soap-Test  ^^^^ffjfj^' 

Hardness.  Measures.  the  n«t  Degree 

of  Hardness. 

0 

1 

2 

3 

4 

5 

6 

7 
^8 

9 
10 
11 


3-2       .     . 

•          .           •            JL   KI 

.     .     .     2-2 

5-4       .     . 

.     .     .     2-2 

7-6       .     . 

.     .     .      20 

9  6      .     . 

.     .     .      20 

11-6      .     . 

.     .     .     20 

136       .     . 

,    .     .     20 

156      .     . 

.     .     .      1-9 

17-5       .     . 

.     .     .     1-9 

19-4       .    . 

.  ,  .     .      1-9 

21-8       .    . 

.     .     .      1-8 

231       .     . 

.     .     .      1-8 
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?^  *^  ^S^^  tl»«  »«t  Degree 

12 24-9 1-8 

13 26-7 1-8 

14 28-5 1-8. 

15 30-3 1-7^ 

16^1^ 320 

When  the  measures  of  soap-test  necessary  to  form  a  latber 
with  100  test  measures  of  a  water  exactly  correspond  with  the 
standard  solution,  then  the  degree  of  hardness  will  be  the  corre- 
sponding integrid  number  found  in  the  first  column.  Thus, 
24'9  of  soap-test  will  indicate  12°  of  hardness,  26*7  of  soap- 
test  will  indicate  13^  of  hardness,  and  so  on.  But  if  the 
measures  of  soap-test  do  not  exactly  correspond  with  a  number 
in  the  first  column,  the  hardness  will  be  expressed  partly  by  an 
integer  and  partly  by  a  fraction.  The  integer  will  be  the  hard- 
ness corresponding  to  the  next  lower  number  in  the  soap-test 
column.  The  numerator  of  the  fraction  will  be  the  excess  of 
the  soap-test  measures  in  question  above  this  number.  The 
denominator  of  the  fraction  will  be  the  corresponding  difference 
which  follows  the  soap-test  in  the  next  column. 

Example. — ^Let  258  be  the  measures  of  soap-test  required 
by  100  test  measures  of  a  given  water ;  249  is  the. next  lower 
number  in  the  soap-test  column ;  therefore  12°  of  hardness, 
the  corresponding  aegree,  is  the  integral  part  of  the  required 
hardsiess.  The  numerator  of  the  fraction  is  25*8— 24*9 =09  ; 
the  denominator  is  the  corresponding  difference =18.    There- 

0*9 
fore  the  fraction  is  —  =  0*5,  and  the  whole  hardness  is 

18  ^„ 

12-6°.  I 

To  infer  the  decree  of  hardness  from  an  ordinary  analyfiSs^ 

Dr.  Clark  gives  uie  following  rute : — Compute  the  grains  of 

lime,  magnesia,  oxide  of  iron,  and  alumina  in  a  gallon  of  water 

each,  into  its  equivalent  of  chalk ;  the  sum  of  those  equivalents 

will  be  the  hardness  of  the  water.    The  experiments  of  Mr. 

Campbell,  however,  show  that  this  rule  is  not  always  accurate. 

He  found  that  water  containing  sulphate  of  magnesia  alone  acts 

towards  the  soap-test  in  producing  with  it  a  perfect  lather, 

similarly,  or  nearly  so,  as  water  containing  a  lime  salt  alone, 

only  when  the  equivalent  of  magnesia  salt  does  not  exceed  six 

grains  of  carboimte  lime  in  a  gallon  of  water.    From  that  point 
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the  magnesian  standards  begin  not  to  require  so  much  seap- 
test  as  the  lime,  and  as  the  standards  increase,  this  difference 
in  soap-test  increases  till  the  magnesian  standard  of  16^  requires 
only  19'6°  soap-tests  \  whilst  the  lime  standard  of  16^  requires 
32.  In  standard  solutions  containing  16°,  12°,  8%  6°,  4°,  2° 
lime  in  a  gallon  plus  1°,  2°,  3°,  4°  magnesia,  and  so  on  up  to 
16°,  less  soap-test  was  requisite  to  cause  a  perfect  lather  in 
most  of  the  solutions,  than  is  requisite  for  the  standard  of  lime 
alone  contained  in  them ;  or,  in  other  words,  the  magnesia 
appeared  to  soften  the  lime  standards,  and  this  peculiarity  was 
found  to  increase  as  the  magnesia  increased.  For  example, — 
A  standard  of  lime  of  16°  takes  32  test  measures,  a  standard 
of  lime  16°  +  1°  magnesia  takes  31*6,  and  a  standard  of  lime 
16°  -h  16°  magnesia  takes  27*9.  It  thus  appears  that  when  a 
water  contains  both  magnesia  and  lime  salts  (the  former  in 
quantity),  the  degree  of  hardness  of  the  water  cannot  be  taken, 
as  representing  the  amount  of  the  earthy  salts  present ;  neither 
can  it  be  considered  as  giving  the  amount  of  lime.  It  is  rarely, 
however,  that  a  water  applicable  to  domestic  use  occurs,  m 
which  there  is  such  an  amount  of  magnesia  present  as  to 
occasion  serious .  disturbances  in  the  indications  of  the  soap- 
test. 

Lastly,  to  obtain  uniform  results,  Dr.  Clark  recommends 
that  as  soon  as  a  lather  is  formed,  such  as  will  remain  for  five 
minutes,  an  interim  note  be  taken  of  the  quantity  of  soap-test 
used.  In  about  half  an  hour  the  bottle  should  be  shaken  again, 
to 'see  whether  the  lather  will  still  remain  for  five  minutes. 
If  the  water  does  not  exceed  4°  or  6°  of  hardness,  it  is  likely 
to  require  a  little  more  soap-test  upon  this  renewed  shaking  ; 
but  in  every  case  where  more  soap- test  is  required,  more  must 
be  added.  This  latter  quantity  and  the  former  will  together 
make  up  the  whole  soap-test. 

iix.  Arrangement  of  the  Results  of  Analysis, — The  usual  me- 
thod, and  the  one  which  seems  the  most  rational  (though  it  must 
be  observed  that  there  is  a  diversity  of  opinion  on  the  subject 
amongst  chemists),  is  to  arrange  the  electro-negative  and  elec* 
tro-positive  ingredients,  as  established  by  direct  experiment^ 
into  binary  combinations,  in  the  ratio  of  their  mutual  affini- 
ties, the  strongest  acid  being  combined  with  the  strongest  base, 
paying  attention  however  to  the  fact,  long  since  pointed  out 
by  BerthoUet,  viz.  that  the  force  of  affinity  is  considerably  modi- 
fied by  the  degree  of  solubility  of  the  salts.     It  is  impossible  to 
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lay  down  any  but  yery  general  rules  for  the  classification  of 
the  results  of  the  analysis  of  a  mineral  water,  so  much  depend- 
ing on  the  nature  of  those  results,  and  on  various  circumstaoces 
connected  with  the  history  of  the  water ;  but,  however  they 
are  arranged,  the  direct  results  obtained  in  the  analysis  should 
be  given,  and  the  total  amount  of  the  fixed  constituents  must 
correspond  to  the  joint  amount  of  the  several  ingredients ;  the 
amounts  of  the  chlorine  and  sulphuric  acid  obtained  must 
agree  with  the  joint  amounts  of  the  chlorides  and  sulphates, 
and  the  quantity  of  lime  obtained  from  an  evaporated  quan- 
tity of  the  water  should  agree  with  that  obtained  jointly  from 
the  precipitate  produced  by  boiling  a  corresponding  weight  of 
the  water,  and  from  the  boiled  water  filtered  from  that  preci- 
pitate. 

By  way  of  illustration  we  append  the  results  of  an  analysis 
of  the  saline  water  of  Furton,  lately  made  by  the  author  (Quart. 
Joum.  Chem.  Soc.,  vol.  xiv.  p.  43). 

Specific  gravity  of  the  water  at  60°  F.,  1-0066.  Free  carbonic 
acid,  50  cubic  inches  per  imperial  gallon,  the  water  being  pumped 
slowly  from  the  well. 

Direct  Bemdts  of  Analysis  calculated  to  one  Imperial  Pint, 

Saaes. 


Experiment. 

Lime. 

Magnesia. 

Alkaline 
Chloiides. 

Chloride  of 
Potaarium. 

Chloride  of 
Sodium. 

I 

6-422 
6-257 

4-748 
4-783 

18-90 
19-38 

1179 
1020 

17-721 
18-310 

n 

Mean 

6*340 

4-766 

19-10 

1099 

18016 

Acids  (or  JElemenU  replacing  them). 


1 

Experi- 
ment. 

Sol- 

phono 

Acid. 

Chlo- 
rine. 

Iodine 
with 
traces 
of  Bro- 
mine. 

Silica. 

Carbonic 
Acid 

free  and 
com- 
bined. 

Carbonic  Acid 
aa  Carbonate  of 

Lime  and 
Carbonate  of 

Magnesia. 

Car- 
bonic 
Acid, 
Aree. 

Phos- 
phoric 
Acid. 

Apo- 

crenic 

Acid. 

I 

II    ... 

2400 
23-80 

2-82 
2-80 

0-27 
0-29 

2-38 
2-36 

If 

» 

19 

Mean 

23-90 

2-81 

0-0094 

0-28 

5-403 

237 

3133    0-031 

0112 

PABT  n. 


2q 
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Verifieation  for  Lime, 


Experiment. 

Lime  precipitated 
bj  boiimg. 

Lime  left  in  eola- 
tion after  boiling. 

Total  hj 
Oaloolation. 

Total  bj 
Experiment. 

I 

2-282 
2-867 

8-280 
8-810 

6108 
6077 

6-422 
6-257 

n 

Mean 

2-842 

8-296 

6-092 

6-840 

Verification  for  Moffneeia. 


Experiment. 

Ma^esia 

precipitated  bj 

boiling. 

Magnesia 
left  in  aolation. 

Total  by 
Calculation. 

Total  hj 
Experiment. 

I 

Oil 
0-15 

4-785 
4-785 

4-845 
4-945 

4-748 
4-783 

II 

Mean 

0-18 

4-755 

4-880 

4-766 

Jiesidue  left  on  Svaporaiion, 


Experiment. 

Mineral  Besidne. 

Organic  Beaidne. 

Total  Beaidne. 

I 

51-02 
61-21 

0114 
0110 

61114 
51-820 

II 

Mean 

5111 

0112 

61-217 

Solid  contents  of  an  Imperial  Fint  ai  determined  hy  AnalynB. 

Carbonate  of  lime 6-0760 

Carbonate  of  mt^esia 0*2630 

Lime  (not  as  carbonate) 3'2200 

Magnesia  (not  as  carbonate)  ....  4*7580 

Potassa 0-6930 

Soda 9-6460 

Chlorine 2*8100 

Sulphuric  acid 239000 

Silica 0*2800 
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Phosphoric  acid 0-0810 

Bromine traces 

Iodine 00094 

Crenic  acid traces 

Apocrenicacid 0*1120 

50-6984 

Besidoe  left  on  evapoiatioii    .      51*2170 

SaUne  Con9iiiue§Us  t^one  Imperial  Qnlhn. 

Grains. 

Carbonate  of  lime     , 40608 

Carbonate  of  magnesia 2*104 

tSulphate  of  potassa  .......  10*264 

Sulphate  of  soda 174*904 

Sulphate  of  lime 62*560 

Sulphate  of  magnesia    ......  76*592 

Chloride  of  magnesium  ......  80*000 

Iodide  of  sodium 0088 

Silica 2*080 

Phosphoric  acid 0*248 

Crenic  acid traces 

^pocrenic  acid 0*896 

Bromine.    . traces 

400*344 

XX.  Determination  of  the  Volume  of  the  Oaees^ 

All  water,  including  even  that  which  has  been  recently  die* 
tilled,  contains  air ;  if  it  be  desired  to  collect  and  estimate  the 
volume  of  these  gases,  the  process  invented  bv  Professor  Bun> 
sen  may  be  followed.  This  consists  in  expelling  the  gases  by 
ebullition  in  vacuo,  and  is  conducted  in  the  following  manner 
(Hofinann,  Joum.  Chem.  Soc.,  vol.  vii.  p.  166) : — 

'*  A  globular  glass  flask,  a^  over  the  neck  of  which  is  fitted  a 
strong  vulcanized  caoutchouc  tube,  is  immersed  in  the  water 
until  it  is  filled,  and  the  tube  is  then  closed  by  means  of  a 
brass  screw-clamp,  which  is  screwed  immediately  above  the  neck 
of  the  fiask.  In  this  manner  a  quantity  of  water  is  secured 
which  has  not  been  in  contact  with  the  air,  and  the  exact 
volume  may  be  readily  determined  by  experiment.  The 
caoutchouc  tube  is  then  connected  with  a  smdl  glass  globe,  b, 

2q2 
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partially  filled  with  water,  and  provided  with  two  nechs  opptv 
site  each  other ;  the  one  corresponding  in  diameter  to  the  neck 


Fig.  107. 

of  the  flask,  the  other  the  size  of  an  ordinary  quill  pen.  By 
the  latter,  the  globular  vessel,  which  may  be  called  the  '  boiler 
globe '  may  be  connected  with  the  glass  tube,  e,  about  ten  inches 
long  and  taree-<]uarter8  of  an  inch  wide,  and  terminating  on  each 
side  in  a  narrow  open  connecting  tube,  corresponding  in  width 
to  the  narrow  tube  of  the  boiler-globe.  The  connection  of  the 
latter,  with  the  tube  which  may  be  termed  the  'gas-receiver,' 
is  effected  by  means  of  a  caoutchouo  tube  just  sufficiently  long 
to  admit  between  the  two  glass  tubes,  which  are  fixed  to  ita 
ends,  the  applicatiou  of  a  small  brass  screw-clamp,  by  means 
of  which  arrangement  communication  between  the  two  vessels 
may  be  established  or  interrupted.  In  a  similar  manner  the 
other  extremity  of  the  gas-receiver  is  connected  with  an  ordi- 
nary delivery  tube,  which  discharges  into  water. 

"  The  water  flask,  a,  being  closed  with  its  screw-clamp,  the 
water  in  the  boiler-globe  is  heated  to  ebidlition  by  means  of  a 
spirit-lamp,  and  kept  boiling  for  about  a  quarter  of  on  hour,  by 
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whieb  time  all  the  air  in  the  apparatus  is  perfectly  replaced  by 
steam,  which  may  be  ascertained,  moreover,  by  not  a  trace  of  air 
collecting  if  the  delivery  tube  be  made  to  discharge  for  a  few 
minutes  under  an  inverted  bell-jar  filled  with  water.  The 
caoutchouc  tube  at  the  upper  end  of  the  gas-receiver  is  now 
closed  by  a  brass  clamp,  and  the  spirit-lamp  simultaneously  re- 
moved, when  the  ebullition  in  vacuo  will  continue  for  a  consi- 
derable time.  The  boiling  out  of  the  water  in  the  flask  may 
now  commence.  For  this  purpose  the  brass  clamp  is  removed, 
and  the  flask  submitted  to  a  gradually  increasing  heat.  Air 
bubbles  soon  make  their  appearance,  but  a  quarter  of  an  hour 
generally  elapses  before  the  caoutchouc  tube,  which  is  collapsed 
and  almost  flattened  by  the  atmospheric  pressure,  is  sufficiently 
expanded  to  admit  of  a  free  communication  between  the  flask 
and  the  upper  part  of  the  apparatus.  The  water  gradually 
enters  into  violent  ebullition,  m  which  state  it  is  kept  for  about 
an  hour,  so  as  to  ensure  the  complete  expulsion  of  every  trace 
of  gas.  When  this  point  has  been  reached,  the  heat  is  increased 
for  a  moment,  a  good  deal  of  steam  is  generated  in  the  flask, 
which  causes  the  water  gradually  to  rise  from  the  boiler-globe 
into  the  narrow  end  of  the  gas-receiver.  At  this  moment  the 
flask  is  closed  with  the  clamp,  and  the  source  of  heat  removed ; 
the  water  in  the  boiler-globe  begins  to  cool,  gradually  contracts, 
and  descends  in  the  narrow  tube  of  the  gas-receiver ;  the  very 
moment  its  level  disappears  under  the  caoutchouc  connector, 
the  clamp  between  the  boiler-globe  and  gas-receiver  is  fastened, 
and  the  whole  apparatus  disconnected.  The  gas-receiver,  closed 
at  both  its  extremities  by  caoutchouc,  contains  the  whole  of  the 
gas,  together  with  a  few  drops  of  water ;  the  volume  of  the  gas 
may  be  readily  measured  by  opening  one  of  the  clamps  under 
mercury  and  allowing  the  metal  to  enter  the  gas-receiver  until 
it  stands  at  the  same  level  within  and  without  the  tube ;  the 
clamp  is  then  secured  again,  and  the  mercury  transferred  into 
a  graduated  cylinder.  The  difference  between  the  volume  of 
mercury  and  the  known  capacity  of  the  gas-receiver  represents 
the  volume  of  the  gas  at  tne  existing  barometric  pressure  and 
temperature. 

The  only  conditions  necessary  for  the  success  of  this  ap- 
parently complicated  process  are  a  sufficiently  long  ebullition, 
and  a  proper  proportion  in  the  capacities  of  the  water-flask  and 
gas-receiver,  which  can  only  be  attained  by  a  few  preliminary 
operations.    The  capacity  of  the  gas-receiver  must  be  greater 
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than  the  volume  of  the  gas  in  the  water-flask,  when  measured 
under  the  ordinary  pressure  of  the  atmosphere.  If  the  volume 
of  the  gas  were  greater,  the  gas-receiver  or  the  caoutchouc  con- 
nector might  burst,  and  if  they  actually  withstood  the  outward 
pressure,  a  certain  quantity  ox  gas  would  be  lost  on  opening 
the  clamp  under  mercoiy. 


587 


CHAPTBE  XI. 

ON  THE  ANALYSIS  OF  SOILS. 

210.  In  the  examination  of  soils,  the  analytical  process  is 
divided  into  two  parts : — 1.  The  mechanical  analysis ;  2.  The 
chemical  analysis. 

1.  Mechanical  Analysis, 

(a.)  Selection  of  the  sample. — ^Too  much  care  cannot  betaken 
to  obtain  a  fair  average  specimen.  For  this  purpose  one  or  two 
pounds  should  be  taken  from  each  of  four  or  five  different  parts 
of  the  field  where  the  soil  appears  to  be  nearly  the  same.  These 
should  be  well  mixed  togetner,  and  a  pound  or  so  selected  for 
analysis ;  aU  samples  should  be  kept  in  well-corked  bottles. 
It  is  not  unfrequent  to  see  in  a  field  otherwise  fertile,  a  few 
patches  almost  barren,  where  plants,  especially  when  the  field 
IS  in  white  crop,  spring  up,  and  for  a  time  look  quite  healthy, 
but  soon  become  diseased,  assume  a  yellow  colour,  and  die.  Spe- 
cimens from  such  parts  should  on  no  account  be  mixed  with  the 
rest ;  they  should  be  examined  by  themselves,  and  the  results 
compared  with  those  given  bv  the  fertile  parts :  by  following 
this  course,  the  cause  of  sterility  and  the  means  of  curing  it  are 
most  likely  to  be  discovered. 

(b.)  Determination  of  Water. — Spread  a  weighed  quantity 
(say  half  a  pound)  of  the  soil  upon  a  sheet  of  white  paper,  and 
expose  it  to  the  air  in  a  dry  room  for  several  hours,  weighing 
it  at  intervals  of  two  or  three  hours  till  the  weight  remains 
constant :  the  loss  indicates  the  amount  of  water  which  has  eva- 
porated, but  by  no  means  the  whole  of  the  water  which  the  soil 
contains.  To  determine  which,  heat  about  600  grains  of  the 
air-dried  soil  in  a  small  glass  beaker  plunged  into  an  oil  bath, 
the  temperature  of  which  is  kept  between  300^  and  350°  F., 
till  it  ceases  to  lose  weight,  the  result  gives  a  close  approxima- 
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tion  to  tbe  amount  of  water.  Absolute  desiccation  cannot,  how- 
ever, be  accomplislied  except  at  a  heat  close  upon  redness,  which 
is,  of  course,  inadmissible,  as  the  organic  matters  the  soil  con- 
tains would  thereby  become  altered  or  destroyed. 

(c.)  Absorbing  power. — Allow  the  500  grains  of  soil  dried  aa 
above  to  cool  in  a  covered  vessel ;  then  spread  it  out  on  a  sheet 
of  paper,  and  expose  it  to  the  air  for  twenty-four  hours  :  note 
the  increase  of  weight  which  is  due  to  absorption  of  water,  and 
if  it  amounts  to  ten  grains,  it  is,  so  far,  an  indication  of  great 
agricultural  capability.  « 

(d.)  Power  of  holding  Water. — Put  1000  grains  of  air-dried 
soil  into  a  filter  enclosed  in  another  placed  in  a  funnel ;  pour 
cold  water  drop  by  drop  on  the  soil  until  it  begins  to  trickle 
down  the  neck  of  the  funnel ;  cover  with  a  piece  of  glass,  and 
allow  it  to  stand  for  an  hour  or  two,  adding  a  few  drops  of  water 
from  time  to  time  until  it  is  certain  that  the  whole  soil  is  per- 
fectly soaked ;  remove  the  filters  from  the  funnel,  and  open 
them  upon  a  linen  cloth  to  remove  the  drops  of  water  adhering 
to  the  paper.  The  outside  filter  is  now  placed  in  one  pan  of 
the  balance,  and  the  inner  one  containing  the  soil  on  the  other ; 
and  the  whole  being  carefully  balanced,  tlie  true  weight  of  the 
wet  soil  is  obtained:  suppose  this  to  be  1400,  then  the  soil  is 
capable  of  holding  40  per  cent,  of  water. 

(e.)  Rapidity  of  drying, — Expose  the  saturated  soil  with  its 
fiilter  on  the  plate  to  the  air,  for  four,  twelve,  or  twenty-four 
hours,  weighing  from  time  to  time.  The  loss  of  weight,  indi- 
cating the  tendency  of  the  soil  to  dry,  may  convey  useful  infor- 
mation as  to  the  necessity  or  otherwise  of  drainage. 

(f.)  Relative  proportions  of  gravel,  eand,  and  clay. — Sub  a 
quantity  of  air-dried  soil  between  the  hands,  and  remove  and 
weigh  any  stones  which  may  be  present.  Weigh  off  4000  grains, 
and  pass  them  through  a  sieve  (No.  1)  of  copper- wire  gauze, 
the  meshes  of  which  are  about  -j^th  of  an  inch  in  diameter.* 
Hemove  the  sieve  from  its  bottom,  and  place  it  over  a  deep  eva« 
porating  basin ;  throw  a  gentle  stream  of  water  upon  the  con- 
tents, and  stir  with  a  spatula  or  the  hand  until  the  water  passes 
through  clear.  Transfer  the  residue  to  another  basin»  and  place 
it  in  the  water  oven  to  dry ;  then  weigh,  after  which  ignite  in 
the  air,  and  when  cold,  weigh  again.  The  first  weighing  gives 
the  amount  of  coarse  gravel,  and  the  second  indicates  the  pro* 

*  Sieves  of  rariotu  degreee  of  fineness  may  be  obtained  at  most  of  the 
philosophical  instrument  makers,  or  they  may  easily  be  made. 
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portion  of  oraanio  matter  which  this  gravel  contains.  Transfer 
the  soil  which  has  passed  through  sieve  No.  1  to  sieve  No.  % 
the  meshes  of  which  are  about  -j^th  of  an  inch  in  diameter ; 
treat  the  residue  on  the  sieve  precisely  as  before,  dry  at  212% 
weigh,  ignite,  and  weigh  again ;  the  results  g^ve  the  amount  of 
gracelly  sand,  and  of  organic  matter  mixed  with  it.  Dry  a  por- 
tion of  the  soil  which  has  passed  through  sieve  No.  2  in  the 
water  oven,  and  weigh  off  500  grains ;  transfer  to  a  deep  basin 
or  flask,  and  boil  for  twenty  minutes  or  so,  with  water.  The 
boiling  must  be  continued  until  the  particles  are  thoroughly 
separated  from  each  other.  'The' coarse  sand,Jine  sand,  and 
Jinehj  divided  particles  are  thQn  sepai^at^d  from  each  other  by 
the  following  simple  process,  recommended  by  Schultz : — The 
boiled  soil  is  allowed  to  cool,  uid  is  then  washed  into  an  elutri- 
ating  glass,  which  is  merely  a  tall  champagne  glass  7  or  8  inches 
deep  and  about  2i  inclies  wide  at  'the  mouth,  round  which  is 
fastened  a  brass  ring  about  half  an  inch  broad,  with  a  tube 
slightly  inclined  downwards  proceeding  from  its  side.  A  gentle 
stream  of  water  is  caused  to  pass  continuously  into  the  elutri- 
ating glass  in  such  a  manner  as  to  cause  a  constant  agitation  of 
the  particles,  whereby  the  finest  are  washed  away  through  the 
tube  at  the  top  of  the  glass,  and  received  in  a  beaker  or  any 
other  convenient  vessel.  This  stream  of  water  is  best  kept  up 
and  regulated  by  causing  it  to  flow  from  a  reservoir  provided 
with  a  stopcock,  to  which  is  attached  a  tube  funnel  from  12  to 
18  inches  long,  drawn  out  to  a  point,  with  a  fine  aperture.  The 
end  of  this  tube  is  placed  nearly  at  the  bottom  of  the  elutriating 
glass,  and  the  supply  of  water  so  adjusted  that  the  funnel  tube 
always  remains  half  full  of  water.  When  the  water  runs  off 
from  the  discharge  tube  nearly  clears  the  stopcock  of  the  reser- 
voir is  closed,  and  the  elutriating  glass  being  removed,  the  water 
is  decanted  ^om  it,  and  the  residue  is  washed  into  a  small  dish, 
where  it  is  dried  and  weighed,  after  which  it  is  ignited  and 
weighed  again ;  the  two  weights  give  the  proportion  of  coarse 
sand  and  its  organic  matter.  The  elutriated  turbid  fluid  is  al- 
lowed to  stand  for  several  hours,  and  the  water  is  then  poured  off 
into  another  beaker.  The  deposited  matter,  consistine  of  fine  sand 
BXidifine  soil,  is  then  subjected  to  a  second  elutriating  process, 
conducted  as  before,  except  that  the  force  and  volume  of  the 
washing  water  is  considerably  lessened.  The  operation  is  con« 
tinned  until  the  wash  water  passes  off  quite  clear ;  this  some- 
times takes  three  or  four  hours,  but  it  is,  with  the  arrangement 
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we  have  described,  a  self-acting  process,  requiring  no  personal 
superintendence.  The  residue  in  the  elutriating  glass  is  fine 
sand,  which,  with  its  organic  matter,  is  estimated  as  before,  by 
dryine;,  weighing,  igniting,  and  re-weighing.  "We  have  only  now 
to  deduct  from  the  original  500  grains  the  quantities  of  coarse 
and  fine  sand,  to  obtain  the  proportion  of  finely-divided  matter. 
The  results  of  this  mechanical  analysis  may  be  tabulated  thus 
(Schultz) :— 

Fixed         Conibnrtiblo 
Substances.     Sabetaneee. 

fl.gQ  rGraTel(coftme)      ........      6*90  —    0*00 

\  Organic  matter — 

j-.-^J Gravel  (fine) 6-48  —       .. 

'  ^"  L  Organic  matter —    0-67 

Sand  (coarse) 84'37  — 

Organic  matter —    1*13 

Sand  (fine) 88*60  — 

Organic  matter —    1*50 

Fine  soil 9*50  — 

Organic  and  other  Tolatile  tubctanoes  .  —    1*00 


85*60 
40*0 -< 
10-60 


100-00  96-70  4*3 

Stones,  2*10  per  cent. 

This  mechanidd  treatment  of  soils  we  deem  to  be  of  high  im- 
portance, and  it  is  to  be  regretted  that  so  few  of  our  l&glish 
soils  have  hitherto  been  so  examined.  The  same  remark  applies 
to  the  analysis  of  clatfSy  to  which  the  above  operations  equally 
apply,  except  that  in  the  case  of  clays  we  have  not  to  Iook  for 
gravel.  The  following  are  the  results  of  the  mechanical  analysis 
of  two  clays,  one  a  "  fat"  and  the  other  a  "  poor  "  variety. 

Fat  Clay  Poor  Clay. 

Coarse  sand 6*66    .  .  .    24*68 

Pine  sand 9-66    .  .  .     11-29 

Clay 74-82    .  •  .    67*82 

Water 8*86    .  .  .      621 

10000  100-00 

These  analyses  will  illustrate  the  usefulness  of  the  mechanical 
analysis.  To  render  the  matter  complete,  however,  the  gravel 
and  sand  should  be  moistened  and  examined  under  the  micro- 
scope with  the  view  of  ascertaining  if  they  are  wholly  siliceous, 
or  if  they  contain  fragments  of  different  kinds  of  rock,  sand- 
stones, slates,  granites,  traps,  limestones,  or  ironstones.  A  few 
drops  of  strong  hydrocliloric  acid  should  also  be  added,  when 
the  presence  of  limestone  is  shown  distinctly  by  an  efferves- 
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cence ;  of  peroxide  of  iron  by  the  brown  colour  whicb  the  acid 
speedily  assumes ;  and  of  black  oxide  of  manganese  by  the  smell 
of  chlorine,  which  is  easily  recognized. 

(g.)  Determination  of  the  density  of  a  Soil, — Dry  a  sample  of 
the  soil  (irom  which  the  large  stones  have  been  picked  out)  at 
212°,  in  the  water-oven,  till  it  ceases  to  lose  weight.  Eill  a 
perfectly  clean  and  dry  common  phial  with  distilled  water  up 
to  a  mark  made  with  a  file  on  the  neck,  and  weigh  it  carefully ; 
or  the  specific-gravity  bottle  with  a  long  neck  (Fig.  44,  p.  228) 
may  be  used,  but  it  should  be  of  stout  glass.  Four  out  part  of 
the  water,  and  introduce  into  the  bottle  in  its  stead  1000  grains 
of  the  dried  soil ;  shake  the  bottle  well  to  allow  the  air  to  escape 
from  the  pores  of  the  soil ;  fill  up  again  with  water  to  the  mark 
on  the  neck,  and  again  weigh.  The  weight  of  the  soil  divided 
by  the  difference  between  the  weight  of  the  bottle  with  soil  and 
water,  and  the  sum  of  the  weights  of  the  soil  and  the  bottle  of 
water  together,  gives  the  density  or  specific  gravity. 

Example,  Grams. 

The  bottle  with  water  alone  weighs    •    .    2000 
The  dry  soil 1000 

Sum  (being  the  weight  which  the  bottle 
with  the  soil  and  water  would  have  had 
could  the  soil  have  been  introduced 
without  displacing  any  of  the  water)    .     8000 

Actual  weight  of  soU  and  water      .     .     .    2600 

Difference  (being  the  weight  of  water 

taken  out  to  admit  1000  grains  of  soil)      400 

Therefore  1000  grains  of  soil  have  the  same  bulk  as  400  grains 
of  water:  that  is,  the  soil  is  2^  times  heavier  than  water,  since 

-rr^  =  2*6  =  its  specific  gravity. 

(h.)  Determination  of  the  absolute  weight  of  the  Soil, — "Weigh 
an  exact  imperial  half-pint  of  the  soil  in  any  state  of  dryness. 
When  this  weight  is  multiplied  by  160,  it  will  give  verif  nearly 
the  weight  of  a  cubic  foot  of  the  soil  in  that  state. 

2.  Chemical  Analysts. 

Determination  of  the  total  quantity  of  oryanie  suhstanees, 
volatile  Salts,  and  ehemieally  combined  Water, — Having  mixed 
well  together  the  various  samples  taken  from  different  parts  of 
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the  field,  allow  the  mixture  to  remain  for «  whole  day  in  the 
water-oven,  then  weigh  off  1000  grains,  and  ignite  gently  in  a 

Elatinum  or  porcelain  crucible  with  constant  stirring  until  aU 
lackuess  has  disappeared  from  the  mass,  allow  it  to  cool,  then 
drench  it  with  water  saturated  with  carbonic  acid,  dry,  ignite, 
and  weigh.  The  object  of  drenching  with  carbonic  acid  water 
is  to  restore  any  carbonic  acid  which  may  have  been  expelled  by 
ignition  from  the  chalk  which  the  scnl  may  have  contained.  In- 
stead of  carbonic  acid  water,  a  concentrated  solution  of  carbo- 
nate of  ammonia  may  be  used  for  this  purpose.  Pass  the  ignited 
«oii  through  sieve  No.  2,  and  submit  to  analysis  the  finer  par» 
tides  consisting  of  clay  and  sand,  weigh  aS  200  grains,  and  di- 
gest for  several  hours  on  the  water-bath  with  excess  of  a  mixture 
of  equal  parts  of  strong  hydrochloric  acid  and  water,  then  add 
water,  and  filter  into  a  graduated  jar  or  fiask.  Wash  the  resi- 
due on  the  filter  with  hot  distilled  water  till  it  passes  through 
tasteless,  then  break  a  hole  through  the  bottom  of  the  filter 
with  a  stirring-rod,  and  waah  its  contents  into  a  small  beaker, 
put  it  aside  for  the  present,  covering  it  with  a  glass  plate,  and 
marking  it  (a),  calling  the  hydrochloric  solution  (b). 

Jjialysis  of  the  Hydrochloric  Solution,  (b.) — Dilute  the  solu- 
tion and  washings  with  distilled  water  till  100  measures  are 
obtained,  well  mix  by  agitation,  and  divide  into  four  equal  parts, 

I.,  II-,  III.,  IV. 

I.  Determination  of  Sulphuric  Acid. — Heat  to  ebullition,  then 
add  chloride  of  barium  in  excess,  put  aside  for  twenty-four 
hours,  pour  oif  the  clear  liquid,  trausfer  tbe  precipitate  to  a 
filter,  wash,  dry,  ignite,  and  weigh  100  parts  =  34-31  sulphuric 
acid.  Multiply  by  2,  the  product  gives  the  amount  of  sulphu- 
ric acid  in  100  grains  of  the  soil. 

II.  Determination  of  Phosphoric  Acid, — ^Boil  with  a  little 
nitric  acid  to  ensure  the  peroxidation  of  the  iron,  then  precipi- 
tate with  ammonia,  filter,  and  having  washed  the  precipitate  on 
the  filter,  redissolve  it  in  dilute  nitric  acid.  To  determine  the 
phosphoric  acid  in  the  nitric  solution,  Fresenius  directs  to 
proceed  as  follows : — dissolve  20  grains  of  molybdic  acid  in  180 
grains  of  strong  ammonia,  mix  this  with  400  grains  of  nitric 
acid,  and  add  the  mixture  to  the  nitric  solution,  digest  for 
twenty-four  hours  on  the  water-bath^  and  wash  the  precipitate 
(if  any)  with  the  same  solution  of  molybdic  acid  with  which  it 
was  produced ;  let  the  filtrate  stand  for  some  time  on  the  water- 
bath  to  see  whether  a  further  precipitate  will  form,  and  if  so, 
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add  tltis  precipitate  to  the  first.  Dissolve  the  precipitate  on 
the-  filter  in  ammonia,  wash,  and  agitate  the  solution  well  with 
solution  of  sulphate  of  magnesia,  the  precipitate  which  is  therebyr 
produced  is  ammonio-phosphate  of  magnesia.  After  standing 
tor  twenty-four  hours  it  is  collected  on  a  filter,  and  washed  with 
water  containing  one-sixth  of  ammonia;  it  is  then  dried,  ignited, 
and  weighed :  100  parts  correspond  to  63*96  parts- of  phosphoric 
acid.  This  method,  though  somewhat  troublesome,  is  accurate. 
If,  howeyer,  the  operator  fail  in  obtaining  any  proof  of  phos- 
phoric acid,  he  is  recommended  to  repeat  the  experiment,  em- 
ploying the  entire  hydrochloric  solution  of  100  grains  of  the 
soil ;  it  is  adTisable,  also,  to  prepare  a  considerable  quantity  of 
the  molybdic  solution^  as  it  is  employed  for  washing  as  well  as 
for  precipitation.  An  important  advantage  in  this  method  of 
determining  phosphoric  acid  is,,  that  the  presence  of  alumina 
and  sesquioxide  of  iron  does  not  interfere  with  it,  it  is  how- 
ever, neceasary  to  add  the  molybdic  solution  in  very  consider- 
able excess ;  and  it  is  inapplicable  where  the  phosphoric  acid  is 
in  considerable  quantity,  which  is  not  however  likely  to  be  the 
case  in  the  analysis  of  soils.  Chancel's  method,  by  acid  nitrate 
of  bismuth,  is  stated  also  to  give  accurate  results.  See  "  Phos- 
FHOBio  Acid." 

Schultz  recommends  the  following  process : — A  considerable 
quantity  of  the  ignited  soil  (700  or  800  grains)  is  digested  with 
hydrochloric  add;  the  filtrate  from  the  insoluble  matter  is 
nearly  neutralized  by  dilute  ammonia,  taking  care  not  to  preci- 
pitate permanently  the  alumina  and  oxide  of  iron.  To  the  so- 
lution, which  should  amount  to  about  1^  pint,  85  to  45  drops 
of  perchloride  of  antimony  are  added,  and  set  aside  for  twenty- 
four  hours.  A  yellowish-white  flocculent  precipitate  is  obtained 
which  contains  all  the  phosphoric  acid,  but  it  is  composed 
principally  of  antimonic  acid,  carrying  with  it  some  oxide  of 
iron  and  alumina,  and  containing  besides  a  quantity  of  ammonia 
in  proportion  to  that  of  pTkospJwric  add.  The  precipitate  well 
washed  with  water,  is  digested  with  soda-ley  containing  a  cer- 
tain amount  of  silicate.  After  boilings  the  liquid  is  filtered,  the 
oxide  of  antimony,  now  changed  into  antimoniate  of  soda,  re- 
mains on  the  filter  with  the  alumina  and  oxide  of  i»on.  The 
solution  containing  the  phosphoric  acid  with  a  little  alumina 
and  silica  is  supersaturated  with  hydrochloric  acid,  then  ammo- 
nia added ;  it  is  concentrated  by  evaporation,  again  treated  with 
ammonia,  and  then  fiiltered.  The  precipitate  of  alumina  and 
silica  thus  obtained  carries  with  it  a  small  quantity  of  phos- 
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phoric  acid ;  to  remoye  this,  the  precipitate  is  redissolved  in  a 
drop  or  two  of  hydrochloric  acid,  the  solution  is  evaporated  to 
dryness,  and  the  residue  is  warmed  with  a  little  acidulated  water. 
After  having  filtered  again  to  separate  the  silica,  a  small  quan* 
tity  of  tartaric  acid  is  added  to  the  filtrate,  which  is  then  mixed 
with  the  preceding  ammoniacal  solution  containing  the  greater 
part  of  the  phosphoric  acid,  which  is  then  precipitated  as  usual 
b  J  sulphate  of  magnesia. 

HI.  Determination  of  the  Iron. — ^All  fertile  soils  contain  this 
metal  when  in  an  efficient  state  of  cultivation,  as  eesquioxide; 
not  unfrequentlj,  however,  especially  where  the  draining  has 
been  neglected,  part,  and  occasionally  indeed  the  whole,  of  the 
iron  exists  as  protoxide.  Now,  as  the  latter  oxide  is  positively 
injurious,  while  the  former  is  probably  absolutely  necessary,  it 
is  important  to  ascertain  whether  any,  and  if  any,  how  much 
of  the  iron  exists  in  the  soil  in  the  form  of  the  hurtful  oxide. 
For  this  purpose  a  portion  of  the  fine  nonrignited  particles  is 
extracted  with  hydrochloric  acid,  and  filtered ;  the  filtrate  is 
nearly  neutralized  with  ammonia,  diluted  with  water,  and,  if 
necessary,  filtered  again ;  a  drop  or  two  of  solution  of  yellow 
prussiate  of  potash  is  added  to  the  clear  filtrate.  If  the  preci- 
pitate which  falls  is  dark  hlue^  the  whole  of  the  iron  exists  as 
sesquioxide ;  if  the  precipitate  be  pale  blue,  then  part  at  least 
of  the  iron  is  in  a  state  of  protoxide.  Suppose,  first,  that  the 
whole  of  the  iron  exists  as  sesquioxide,  one  fourth  part  of  the 
hydrochloric  solution  of  200  grains  of  the  soil  is  transferred  to  a 
flask,  a  little  more  acid  added,  and  then  some  small  fragments  of 
pure  metallic  zinc,  the  flask  being  placed  in  a  slanting  position 
to  avoid  any  loss,  evolution  of  hydrogen  gas  takes  place,  whicb 
gradually  reduces  the  iron  to  the  state  of  protoxide,  and  the  solu- 
tion at  last  becomes  colourless.  The  amount  of  iron  is  now  de- 
termined by  the  volumetric  method  of  Marguerite.  It  is  calcu<* 
lated  as  sesquioxide  (56  iron  =  80  sesquioxide),  and  the  amount 
obtained,  multiplied  by  2,  gives  the  percentage  quantity  of 
sesquioxide  of  iron  in  the  finely  divided  matter  of  the  soil. 
Suppose,  however,  that  the  qualitative  experiment  has  shown 
that  some  of  the  iron  is  in  the  form  of  protoxide,  in  that  case  a 
second  determination  of  iron  is  made  in  the  hydrochloric  solu- 
tion of  a  weighed  quantity  of  the  nonrignited  fine  matter  of  the 
soil,  not  previously  reducing  with  zinc,  the  quantity  found  is 
calculated  upon  100  grains  of  the  soil,  and  the  result  deducted 
from  the  total  quantity  of  iron  found ;  the  difference  gives  the 
proportion  of  the  metal  as  sesquioxide. 
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IT.  In  this  portion  of  the  hjdrocbloric  solution,  Mieie  acidy 
alumina,  limey  and  oxide  of  manganeee  are  detennined.  It  is 
evaporated  to  perfect  dryness,  a  little  nitrio  acid  being  added 
during  the  evaporation  to  peroxidize  the  iron,  the  dry  and  cold 
residue  is  sprinkled  with  hydrochloric  acid,  and  afber  standing 
for  half  an  hour,  boiliug  distilled  water  is  poured  over  it,  and  it 
is  thrown  on  a  filter;  the  silicic  acid,  having  by  this  treat* 
ment  been  rendered  insoluble,  remains  on  the  filter,  on  which 
it  is  washed,  then  dried,  ignited,  and  weighed.  The  filtrate  and 
washings  contain  the  oscide  of  manganese,  alumina,  Ume,  and 
magnesia,  which  are  separated  from  each  other  and  estimated  as 
in  the  analysis  of  iron  ores  (see  "Ibom").  If  no  oxide  of  man- 
ganese be  present,  the  process  may  be  much  simplified.  The 
solution,  after  the  separation  of  the  silicic  acid,  is  at  once  pre- 
cipitated by  slight  excess  of  ammonia,  and  filtered  as  quickly  as 
possible.  The  precipitate  on  the  filter  consists  of  alumina  and 
gesquioxide  of  iron,  it  is  washed,  dried,  ignited,  and  weighed. 
Prom  the  weight  obtained,  that  of  the  sesouioxide  of  iron  al- 
ready determined  is  deducted,  the  remainder  is  alumina ;  the 
Ume  and  magnesia  are  contained  in  the  filtrate  which  is  treated 
in  the  usual  manner. 

V.  Determination  of  the  Alkalies, — From  50  to  100  grains  of 
the  soil  are  taken  for  this  purpose,  and  the  method  followed 
is  that  of  Dr.  Smith  (p.  473),  the  results  are  very  exact ;  the 
fused  mass  should  be  digested  with  ^ure  water  instead  of  hy- 
drochloric acid  as  first  recommended  by  Dr.  Smith. 

Ti.  Determination  of  Carbonic  Acid. — This  is  effected  on  a 
separate  portion  ofthe  gently  ignited, 
finer  part  of  the  soil  by  the  process  of 
Will  and  Eresenius.  A  quantity  not 
less  than  100  grains  of  the  soil  are 
introduced  into  the  larger  bottle  a, 
Fig.  108,  together  with  a  little  water ; 
B  contains  strong  sulphuric  acid« 
The  upper  aperture  of  the  pipette  c, 
which  is  filled  with  nitric  acid,  is 
stopped  by  a  wax  plug.  The  appara- 
tus being  accurately  weighed,  the  wax 
plug  is  loosened,  upon  which  the 
nitric  acid  descends  into  a,  and  de- 
composes any  earthy  carbonate  that 
may  be   present,  the  carbonic  acid  Fig.  108. 
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evolved  escaping  through  the  sulphuric  acid  in  B,  and  thereby 
becoming  dried.  "When  the  eflfervescence  is  over,  a  is  warmed, 
and  air  is  drawn  through  the  apparatus  by  applying  suction  at 
d,  the  wax  plug  is  then  replaced,  and  when  cold,  the  apparatus 
is  re-weighed,  the  loss  of  weight  indicates  the  amount  of  car> 
bonic  acid  in  the  form  of  carbonates  in  100  grains  of  the  soil. 
If  the  soil  be  eminently  calcareous,  the  nitric  acid  must  be 
allowed  to  flow  into  the  bottle  b  very  gradually. 

The  Organic  Conttitttentsofthe  Soii» — Mulder  (*  Chemistry  of 
Vegetable  and  Animal  Physiology,'  English  T^nslation)  re- 
duces the  number  of  organic  substances  as  at  present  known 
to  exist  in  the  soil  to  seven.  The  varieties  would  indeed  be  in- 
calculable but  for  the  existence  of  a  general  cause  which  reduces 
them  to  a  small  number.  This  cause  is  the  transformation  and 
decomposition  which  vegetables  undergo  at  their  death,  by 
which  they  are  converted  chiefly  into  a  substance  called  hwnua» 
This  change  is  remarkably  uniform,  since  from  the  innumerable 
organic  combinations  which  exist  in  plants  and  animals,  the 
same  few  constituents  of  the  black  layer  of  soil  are  derived  ; 
and  if  we  exclude  those  substances  which  are  mixed  accidentally 
with  the  black  soil,  as  well  as  those  substances  which  have  not 
yet  undergone  sufficient  decomposition,  its  constituents  are 
limited  to  a  small  number  of  organic  substances, — substances 
existing  in  it  everywhere,  and  on  the  decomposition  of  which 
the  growth  of  plants  depends.  These  substances  have  the 
following  properties: — Some  of  them  are  soluble  in  water, 
others  in  alkalies ;  others  again  are  insoluble  in  both,  while  some 
dissolve  more  or  less  readily  in  alcohol  and  ether.  The  latter 
are  of  a  resinous  nature,  and  do  not  appear  to  have  any  share 
whatever  in  vegetation. 

If  a  soil  be  exhausted  by  means  of  water,  a  great  many 
salts  may  be  extracted  from  it,  among  which  may  be  mentioned 
the  alkalies,  lime,  magnesia,  and  ammonia,  in  combination  with 
formic f  acetic ^  carbonic,  crenic,  apocrenic,  and  humic  acids. 
From  the  soils  thus  treated  with  water,  alkaline  solutions  ex- 
tract substances  which  may  be  precipitated  by  acids.  In  dif- 
ferent kinds  of  soils  the  substances  thus  extracted  are  some- 
times different.  They  all  consist,  however,  of  one  or  more  of 
the  following : — 

Geic  acid ^40^12^14 

Humic  acid ^40^12^12 

TJlmic  acid C4oHuOi, 
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The  latfer  is  that  which,  in  neutral  vegetable  substances  under- 
going  decay,  is  formed  first.  From  it,  by  absorption  of  oxygen 
from  the  air,  htimic  acid  is  produced,  and  finally,  by  a  further 
absorption,  ff^c  acid.  The  substances  which  are  insoluble  in 
alkalies,  ulmin  and  huminj  can  be  rendered  soluble,  and  so 
converted  iuto  ulmic  and  humic  acids  respectively,  by  tho  de* 
composition  which  is  always  going  on  in  the  constituents  of  the 
soil. 

The  base  by  which  Mulder  supposes  these  acids  to  be  ren* 
dered  soluble  in  water  is  ammonia.  He  does  not  adopt  the  idea 
of  Liebig,  that  this  ammonia  is  carried  down  to  the  soil  from 
the  atmosphere  by  means  of  rain  water,  but  he  accounts  for 
its  presence  in  the  following  manner: — nitrogen  in  the  state 
of  pure  gas,  and  also  atmospheric  air,  are  possessed  of  one 
common  property,  namely,  that  when  in  contact  within  an  en- 
closed space  witu  putrefying  substances,  from  which  hydrogen 
is  in  consequence  given  off,  the  nitrogen  combines  with  the  hy* 
drogen^  and  forma  ammonia.  This  property  of  nitrogen  is  well 
known.  It  is  the  priuciple  on  which  saltpetre  is  formed,  the 
production  of  that  substance  being  always  preceded  by  that  of 
ammonia.  !Now  air  is  contained  in  the  soil,  and  is  in  continual 
contact  with  inoist  and  decomposing  substances.  This  air 
could  produce  saltpetre,  if  there  were  only  a  sufficient  abun- 
dance of  bases,  and  that  even  without  the  presence  of  putrefy* 
ing  organic  substances. 

There  are  in  Ceylon  numerous  natural  saltpetre  grottos, 
where  there  are  no  organic  substances  from  which  nitrogen 
might  be  supplied.  Nitrogen  is  derived  from  the  air  con- 
tained in  these  caverns,  and  in  favourable  circumstaucee  even 
the  water  is  decomposed,  and  ammonia  at  the  same  time  pro- 
duced, which  afterwards  is  oxidized  into  nitric  acid  by  the 
oxygen  of  the  air  in  places  where  it  has  more  easy  access ;  this 
acid  then  combines  again  with  the  bases  from  the  walls  of  the 
erottps,  and  forms  nitrates.  All  this  would  happen  in  the  soil 
if  Qrga^iic  substances  where  not  present  to  absorb  the  oxygen, 
and  thus  to  prevent  the  oxidation  of  the  nitrogen  in  the  am- 
monia, and  the  formation  of  saltpetre.  In  a  porous  soil  in 
which  moist  air  is  contained,  nitrogen  is  combined  with  the 
hydrogen  of  the  organic  bodies  only  into  ammonia,  the  oxygen 
of  the  water  and  from  the  air  being  consumed  in  the  higher 
oxidation  of  the  organic  substances  themselves.  In  this  way 
the  first  product  of  the  decomposition  of  organic  substances, 

PART  II.  2  K 
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namely  ulmic  ftcid  (O^qH^^Oij}),  is  converted  into  humte  acid 
(C40H12O12),  and  this  again  into  ffetc  acid  (^40^)2^14)1  ^^^^^  io 
its  turn  is  further  oxidized  into  ^i^ocrenk;  acid  (C^gHMOgg),  and 
finally  into  crenie  acid  (Cj^HigOi^). 

It  is  to  this  formation  of  ammonia  from  the  constituents  of 
atmospheric  air  and  water  that  we  must  look,  according  to  the 
Dutch  chemist,  for  the  cause  of  one  of  the  most  important 
peculiarities  in  the  growth  of  plants.  It  is  owing  to  this  slow 
formation  of  ammonia,  that  the  organic  substances  of  the  soil 
insoluble  in  water,  are  rendered  soluble,  and  can  be  offered  to 
plants  as  organic  food,  even  without  a  supply  of  ammoniacal 
manure  to  the  soil.  In  other  words,  it  is  owing  to  this  cause 
that  the  five  acids  already  mentioned,  can  be  converted  into  so- 
luble ammoniacal  salts.  It  is  particularly  worthy  of  remark, 
and  a  fact  of  great  interest,  that  these  humic  substances,  which 
can  be  extracted  from  the  soil  by  alkalies,  and  precipitated  bj 
acids,  have  a  great  uniformity,  from  whatever  kind  of  soil  they 
may  have  been  prepared ;  and  that  they  are  remarkably  similar  to 
those  substances  wnich  by  the  action  of  several  chemical  agents 
may  be  obtained  from  the  materials  which  are  generally  diffused 
through  the  animal  and  vegetable  kingdoms.  The  manner  in 
which  sugar  is  changed  into  ulmin,  humin,  and  geic  acid,  by  a 
simple  transposition  of  its  elements,  is  thus  suggested  by 
Mulder : — 

^  of  7  equivalents  of  sugar  +  O3   . 

2  equivalents  of  carbonic  acid  .     . 

19         ditto  water     ,     .    .     , 

1         ditto         ulmin     .... 


i^  of  7  equivalents  of  sugar  4-  O4 

2  equivalents  oY  carbonic  acid  . 
23         ditto         water     .     .     . 

1  ditto  humin    •     .     . 

i  of  7  equivalents  of  sugar  +  O^ 

2  equivalents  of  carbonic  acid  . 
23         ditto         water    .     .     . 
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In  the  same  manDer  the  conversion  of  cellulose^  starch,  gum, 
pectin^  and  other  analogous  substances,  which  are  so  very  much 
diffused  through  plants,  into  the  humic  substances,  maj  be  re- 
presented ;  and  the  way  in  which  his  protein  even  may  be  con- 
verted into  humic  acid,  by  the  influence  of  hydrochloric  acid 
and  oxygen,  is  shown  in  a  very  ingenious  manner  by  Mulder. 

The  crenic  and  apocrenio  acids,  like  the  humic  acids,  exist 
in  the  soil  in  the  state  of  salts  of  ammonia,  potassa,  and  soda, 
combined  with  lime,  magnesia,  and  oxide  of  iron ;  they  never 
exist  in  the  soil  uncombined.  They  unite  intimately  with  am- 
monia, which,  however,  can  be  completely  separated  from  them 
by  caustic  potassa.  Apoorenio  acid,  when  artificially  prepared, 
is  vl  five-basic  acid.  It  is  produced  in  the  form  of  apocreuate 
of  ammonia  when  humic  acid  in  whatever  way  prepared,  or 
wood  charcoal,  is  exposed  to  the  action  of  nitric  acid.  Its 
value  in  the  soil  is  very  highly  estimated  by  Mulder,  as  in  con- 
sequence of  \t^  five-basic  character  it  may  supply  plants  either 
with  several  bases  at  once,  or  these  bases  may  be  alternately 
exchanged  according  as  the  proportion  of  a  more  powerfiil 
base  in  the  soil  is  less,  and  that  of  a  more  feeble  one  tempo- 
rarily greater ;  in  consequence  of  these  properties  he  assigns 
to  it  a  much  higher  rank  than  the  humic  class  of  acids. 

The  formation  of  apocrenate  of  ammonia,  by  the  oxidation  of 
humate  of  ammonia,  is  continually  going  on  in  the  soil  during 
the  warmth  of  summer  (except  on  the  very  surface  which  is 
directly  exposed  to  the  air).  Each  minute  portion  produced 
can  be  taken  up  by  the  roots  of  plants,  in  the  form  of  double 
apocrenates  of  ammonia  and  various  fixed  bases,  provided  there 
be  a  sufficient  supply  of  water  at  hand ;  and,  while  in  this  way 
the  soil  loses  its  apocrenates,  a  new  portion  of  apocrenate  of 
ammonia  is  formed  from  the  humic  acid  or  humin,  which  is 
present  in  large  excess.  We  may  thus  call  the  production  of 
apocrenic  aoid  in  one  respect  an  organic  nitrification. 

The  series  of  organic  acids  present  in  the  soil  is.  according 
to  the  views  of  Mulder,  concluded  by  a  fifth  important  sub- 
stance, a  final  product  of  the  oxidation  of  organic  substances 
before  they  are  entirely  changed  into  carbonic  acid  and  water, 
namely,  crenic  acid,  the  composition  of  which  is  O^ILi^Oi^, 
It  also  is  combined  with  ammonia  in  the  soil,  and  forms  double 
salts  which  are  soluble  in  water.  These  exist,  along  with  the 
apocrenates,  in  all  kinds  of  water,  which  have  been  in  contact 
with  organic  substances  in  the  soil.    They  were  first  found  by 

2b2 
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Berzelius  in  spring  water;  thej  exist  also  in  the  waters  of 
ditches,  marshes,  and  bogs.  Orenic  acid  iBjbur-hasic,  By  the 
continual  tendency  to  nitrification  in  the  soil,  apocrenic  acid 
must  always  be  converted  into  crenic  acid ;  the  series  of  ulmioy 
humic,  geiOi  and  apocrenic  acids  thus  terminating  with  crenic 
acid.  In  the  upper  layer  of  the  soil,  however,  where  the  air  is 
not  enclosed,and  consequently  no  tendency  to  nitrification  exists, 
crenic  acid  must  conversely  be  changed  into  apocrenic  acid. 

Johnston  thinks  (translation  of  Mulder's  work,  p.  184),  that 
to  the  five  acids,  mentioned  by  Mulder,  several  others  may  be 
added,  as  occurring  in  certain  circumstajices  in  the  soil.  Thus, 
from  a  sample  of  compressed  peat,  he  extracted  bv  ammonia  a 
substance,  from  which  hydrochloric  acid  threw  down  a  dark- 
brown  acid,  having  the  composition  ^^J^i^O^^i  the  same  peat, 
when  digested  with  solution  of  caustic  potassa,  or  of  carbo- 
nate of  potassa,  or  carbonate  of  soda,  and  precipitated  by  an 
acid,  gave  a  substance,  having  the  formula  O^H^^O^;  agree* 
ing  therefore  with  the  ulmic  acid  of  Mulder,  in  containing  an 
excess  of  hydrogen,  but  not  reducible  to  his  ulmic  group,  the 
excess  of  hydrogen  being  very  much  greater  than  in  ulmic 
acid,  and  the  equivalent  containing  only  24  instead  of  40 
equivalents  of  carbon.  These  acids  agree  with  those  of  MuU 
der  in  their  tendency  to  unite  with  several  bases  at  once, 
and  to  combine  with  oxygen  and  nitrogen  from  the  air,  pro- 
ducing ammonia,  and  acids  containing  more  oxygen  than  the 
humic  and  ulmic  acids.  Again,  from  a  substance  called  Pigo^ 
tite^  found  on  certain  parts  of  the  rocky  coasts  of  Cornwall, 
where  caves  occur,  Johnston  extracted  an  acid,  represented  by 
the  formula  CigHgOg.  This  aCid  was  obviously  formed  from 
the  decaying  vegetable  matter  of  the  soil,  and  was  combined 
with  alumina.  It  approaches  very  closely  in  composition  to 
the  crenie  acid  of  Mulder,  and  is  called  by  its  discoverer  Mu^ 
deseous  acid;  on  treating  its  compound  with  alumina,  with 
nitric  acid,  Johnston  obtained  still  another  acid,  the  formula  of 
which  is  Oi^HgOiQ. 

The  above  is  a  very  brief  and  imperfect  outline  of  the  pre* 
sent  state  of  our  knowledge  regarding  the  nature  of  the  or- 
ganic constituents  of  the  soil.  It  will  be  seen  that  the  subject 
IS  quite  in  its  infancy,  and  that  no  attempt  can  as  yet  be  made 
to  point  out  a  method  of  analysing  a  soil  with  the  view  of  iso* 
lating  any  particular  acid.  The  following  mode  of  ei^amina- 
tion  must  therefore  be  adopted : — 
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Til.  Determination  of  the  organie  adds  of  the  Sumie  group. 
— Digest  1000  grains  of  the  air-dried  soil  at  a  temperature  under 
boiling,  with  a  strong  solution  of  carbonate  of  soda  for  several 
hours ;  filter,  and  supersaturate  the  filtrate  with  hydrochloric 
acid.  A  greater  or  less  quantity  of  a  brown  flocculent  matter 
separates ;  this  is  collected  on  a  weighed  filter,  and  washed 
with  distilled  water  till  the  wash-water  begins  to  be  coloured ; 
it  is  then  dried  at  212^,  and  weighed,  after  which  it  is  burnt, 
and  the  weight  of  the  ash  (after  subtracting  the  filter  ash) 
deducted  from  that  of  the  dry  mass ;  the  di&rence  gives  the 
acids  of  humus.  If  a  preliminary  experiment  has  shown  a  con* 
siderable  proportion  of  these  acids,  a  smaller  quantity  of  soil 
may  be  operated  upon. 

Tin.  Determination  of  Humus  Coal, — The  soil  is  boiled  for 
several  hours,  preferably  in  a  silver  dish,  with  moderately  strong 
solution  of  caustic  potassa,  replacing  the  evaporated  water  from 
time  to  time  with  distilled  water;  it  is  then  diluted  consi* 
derably  with  water,  and  filtered.  Excess  of  hydrochloric  acid 
is  added  to  the  filtrate,  and  the  precipitated  matter  collected 
on  a  tared  filter,  washed,  dried,  and  weighed ;  now,  by  the  ac« 
tion  of  the  caustic  alkali,  the  humus  coal  is  converted  into 
humic  acid,  the  difference  between  the  weights  obtained  re- 
spectively in  this  experiment  and  in  the  last,  expresses  there- 
fore the  amount  of  humus  ooal, 

IX.  Determination  of  the  total  amount  of  Carbon  in  a  Soil.-^ 
This  is  effected  by  burning  a  known  weight  of  the  soil  (which 
has  been  previously  treated  with  dilute  hydrochloric  acid,  and 
thoroughly  washed)  with  oxide  of  copper  in  an  ordinary  com- 
bustion tube,  and  receiving  the  carbonic  acid  produced, in  caustic 
potassa,  contained  in  an  apparatus  in  which  it  can  be  weighed. 
The  increase  in  the  weight  of  the  caustic  potassa  is  due  to  car- 
bonic acid,  derived  from  the  carbon  of  the  organic  matter  in  the 
soil  (22  CO3  =:  6  C).  According  to  Schultz,  58  parts  of  carbon 
correspond  on  an  average  to  100  parts  of  organic  matter  in  the 
soil.  For  almost  every  purpose,  the  estimation  of  the  total 
amount  of  carbon  in  the  manner  here  indicated  is  sufficient, 
and  the  process  is  attended  with  very  little  trouble.  Yeiy 
little  reliance  can  be  placed  on  the  loss  of  weight  which  the 
dried  earth  suffers  by  ignition,  on  account  of  the  tenacity 
with  which  some  clayey  soils  retain  water. 

X.  Determination  of  the  Nitrogen  in  a  iSbiZ.-— Combined  ni<. 
trogen  may  exist  in  a  soil  in  three  different  forms,  vis.,  as 
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ammonia,  as  nitric  acid,  and  as  organic  matter.  If  the  ana- 
lysis be  intended  to  be  of  a  rigorous  character,  it  will,  of  coarse, 
be  necessary  to  examine  the  soil  specially  both  for  ammonia 
and  for  nitnc  acid ;  in  almost  every  case,  however,  a  determina> 
tion  of  the  percentage  amount  of  nitrogen  conveys  all  the  in- 
formation that  is  desired  on  this  head.  It  is  effected  by  burn- 
ing a  known  weight  of  the  air-dried  soil  in  a  hard  glass  tube 
with  soda  lime  (Will  and  Varrentrapp's  process,  p.  555). 

The  ammonia  condensed  iu  the  acid  may  be  estimated  either 
by  a  standard  alkaline  solution,  or  by  converting  it  into  the 
double  chloride  of  platinum  or  ammonium.  A  large  com- 
bustion-tube is  required,  it  being  ncessary  to  burn  a  consider- 
able quantity  of  the  soil. 

XI.  Analysis  of  the  residue  (A)  insoluble  in  Hydroeklorie 
Acid. — ^Evaporate  off  the  water,  or  draw  it  off  with  a  pipette  ; 
transfer  to  an  evaporating  dish,  and  dry  the  residue  tho- 
roughly on  the  sand-bath,  after  which  remove  it  to  a  pl&* 
tinum  or  porcelain  crucible,  and  ignite  it  gently.  Digest 
with  excess  of  sulphuric  acid  mixed  with  a  little  water,  until 
nearly  the  whole  of  the  acid  is  driven  off  (this  must  be  done 
under  a  hood).  Let  the  mixture  cool,  and  then  add  water. 
Transfer  to  a  filter,  and  well  wash  the  residue  (which  will  con- 
sist generally  of  pure  siliceous  sand),  dry,  ignite,  and  weigh. 
The  solution  containing  alumina,  with  perhaps  a  little  oxide  of 
iron,  is  precipitated  b^  ammonia,  the  precipitate  is  collected 
on  a  filter,  washed,  dned,  ignited^  and  weighed.  The  weight 
is  entered  in  the  tabular  statement  of  results  of  the  analysis 
as  "  alumina  not  soluble  in  hot  hydrochloric  acid." 

The  accuracy  and  care  with  which  the  whole  of  these  pro- 
cesses have  been  conducted,  is  tested  by  adding  together  the 
weights  of  the  several  substances  that  have  been  separately 
obtained.  If  this  sum  does  not  differ  more  than  two  per  cent, 
from  the  weight  of  the  soil  employed,  the  results  may  be  con- 
sidered as  deserving  of  confidence.  One  of  the  points  in  which 
a  beginner  is  most  likely  to  err,  is  in  the  washing  of  the  several 
precipitates.  As  this  is  a  tedious  operation,  he  is  very  likely 
to  wash  them  at  first  only  imperfectly,  and  thus  have  an  excess 
of  weight  when  his  quantities  are  added  together,  whereas  a 
small  loss  is  unavoidaole.  The  precipitates  should  always  be 
washed  with  distilled  water,  and  the  washing  continued  till  a 
drop  of  what  passes  through  leaves  no  stain  when  dried  upoa 
a  piece  of  glass. 
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211.  Akaltbis  of  Limestones. 

The  importance  of  these  minerals  in  agriculture  and  in  the 
arts,  renders  the  determination  of  their  general  composition 
a  matter  of  frequent  occurrence  to  the  practical  chemist. 
The  following  is  the  method  of  procedure: — Dissolve  100 
grains  of  the  specimen  (which  should  be  well  selected  and 
averaged)  in  dilute  hydrochloric  acid,  and  evaporate  the  so- 
lution to  dryness  on  the  sand-bath ;  moisten  the  residue  with 
hydrochloric  acid,  let  it  stand  for  half  an  hour,  then  add  boiling 
distilled  water,  and  filter  through  a  filter  which  has  been  previa 
ously  dried  at  212^  in  the  water  oven,  and  weighed ;  wash  on  the 
filter  till  the  wash  water  passes  through  tasteless,  then  return  the 
filter  with  its  contents  to  the  water  oven,  and  dry,  until  it  ceases 
to  lose  weight.  The  increase  in  weight  is  the  nlioio  aoid,  sand^ 
insoluble  elayy  and  (perhaps  also)  arganio  matter  in  100  grains 
of  the  limestone.  It  is  rarely  necessary  to  do  more  than  de* 
termine  the  total  amount  of  silicic  acid  in  this  insoluble  re^ 
sidue,  which  is  done  by  fusins  it  in  a  platinum  crucible  with 
four  times  its  weight  of  mixed  carbonates  of  potassa  and  soda, 
and  evaporating  the  fused  mass  carefuUv  to  dryness  with  ex- 
cess of  hydrochloric  acid ;  when  perfectly  dry  it  is  allowed  to 
cool,  then  moistened  with  strong  nydrochloric,  boiled  up  with 
water,  and  filtered ;  the  residue  on  the  filter  is  pure  sUieio 
aoid;  it  is  well  washed  with  boiling  distilled  water,  dried, 
and  ignited  in  ft  platinum  crucible.  The  crucible  should  be 
weighed  with  its  cover  on,  as  silicic  acid  is  apt  to  take  water 
from  the  air.  In  the  great  majority  of  cases  it  is  sufficient 
to  determine  the  weight  only  of  the  ignited  residue  of  a  lime- 
stone,  insoluble  in  hydrochloric  acid,  without  submitting  it 
to  analysis.  The  filtrate  from  the  insoluble  residue,  with  the 
washingSj  is  divided  accurately  into  three  equal  parts,  each 
part  representing  one-third  of  100  grains  of  the  limestone. 
One  part  is  mixed  ill  a  flask  with  a  little  concentrated  nitric 
acid,  or  chlorine  water,  to  peroxidize  any  iron  that  may  be 
present,  heated  nearly  to  boiling  for  some  time,  and  then 
allowed  to  cool ;  it  is  now  transferred  to  a  beaker  or  other 
convenient  vessel  that  admits  of  being  covered  with  a  glass 
plate,  and  ammonia  added  in  slight  excess,  the  precipitate 
which  falls  is  alumina  (with  a  little  silicic  acid)  and  perhaps 
eesqftioxide  of  iron  and  oxide  of  tnanaonese ;  it  is  collected 
on  a  filter,  washed,  dried,  ignited,  and  weighed.    Except  for 


604  QUANTITATIVE   AKALTSI8. 

scieutific  (geological)  objects,  it  is  rarely  necessary  to  sabmit 
this  precipitate  to  analysis.  In  the  filtrate  from  the  precipitate 
by  ammonia,  the  lime  and  magnesia  are  determined  in  the 
usual  manner.  In  order  to  determine  the  total  amount  of  car* 
bonic  acid,  the  excellent  method  proposed  by  Schaffgottsch 
may  be  followed.  A  known  weight  of  the  limestone  is  heated 
intensely  in  a  platinum  crucible,  with  four  times  its  weight  of 
recently  fused  borax;  the  loss  of  weight  when  cold,  indicates  the 
amount  of  carbonic  acid,  oZim  the  wa/^,  which  the  limestone  may 
contain.  The  amount  of  the  latter  is  determined  with  sufficient 
accuracy  for  all  practical  purposes  by  keeping  100  grains  of  the 
mineral  in  the  air-bath  heated  to  300  ,  until  its  weight  is  perfectly 
eonstant ;  or  the  carbonic  acid  may  be  deterilained  in  a  weighed 
quantity  of  the  limestone  finely  pulverized,  by  the  process  of 
Will  and  Eresenius.  It  will  be  understood  that  for  minera- 
logical  purposes,  the  residue  insoluble  in  hydrochloric  acid  and 
the  precipitate  by  ammonia  must  be  submitted  to  minute  ana- 
lysis. It  the  limestone  be  intended  to  be  used  as  a  fiux  (in 
the  iron  blast  furnace,  for  example)  it  may  be  necessary  to 
examine  the  residue  insoluble  in  hydrochloric  acid  for  pyriiet ; 
a  portion  of  it  should  be  fused  with  a  mixture  of  carbonate  of 
soda  and  nitrate  of  potassa ;  the  fused  mass  digested  with  dilute 
hydrochloric  acid,  and  evaporated  to  perfect  dryness ;  the  dry 
residue  moistened  with  a  lew  drops  of  hydrochloric  acid,  then 
diluted  with  distilled  water,  filtered,  and  the  sulphuric  acid  in 
the  filtrate  determined  as  sulphate  of  baryta  by  the  addition  of 
chloride  of  barium. 

2l2.  Akaltsis  of  CiiAts. 

t*or  technical  purposes  much  information  respecting  the  value 
of  a  sample  of  clay  may  be  derived  from  a  mechanical  analysis 
of  it  (see  Akalysis  of  Soils)  ;  by  this  is  learnt  what  are  its 
compound  parts,  how  much  is  sand,  and  how  much  day  proper. 
The  chemical  analysis  is  conducted  as  follows : — 

I.  Moisiurcy  combined  water^  and  organic  matter, — ^The  first, 
is  determined  by  drying  100  grains  of  the  sample  finely  pounded, 
in  the  water  oven,  and  the  two  latter,  by  heating  it  to  redneaa 
for  a  considerable  time  in  a  platinum  crucible.  - 

II.  Determination  of  the  constituents. — ^About  30  grains  of 
the  sample  are  digested  for  several  hours  in  a  platinum  crucible 
with  concentrated  sulphuric  acid ;  the  besc  method  of  doing 
this,  is  to  invert  a  funnel  over  the  mouth  of  the  crucible,  and 
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place  it  on  a  sand-bath  underneath  a  hood.  Afber  the  diges- 
tion has  gone  on  for  two  or  three  hours,  the  funnel  is  removed, 
and  the  greater  part  of  the  acid  expelled  by  evaporation ;  dis- 
tilled water  is  now  added,  and  the  insoluble  residue  filtered  off, 
this  consists  of  silieie  acid  (which  was  probably  present  in  the 
clay  in  the  form  of  hydrate)  and  sand.  It  is  boiled  two  or  three 
times  with  a  strong  solution  of  soda  which  dissolves  the  silicic 
acid  and  leaves  the  sand ;  the  alkaline  solution  is  diluted  with 
water,  filtered  off  from  the  sand,  the  filtrate  supersaturated  with 
hydrochloric  acid,  and  then  evaporated  to  perfect  drvness. 
When  cold  it  is  washed  on  to  a  niter,  and  there  treated  with 
repeated  affusions  of  boiling  water,  after  which  it  is  dried,  ig- 
nited, and  weighed  in  a  covered  platinum  crucible ;  the  weight 
of  the  sand  is  also  determined  aiter  ignition. 

The  filtrate  from  the  sand  and  silicic  acid,  is  warmed  with  a 
little  nitric  acid,  and  then  precipitated  by  slight  excess  of  pure 
ammonia ;  it  is  filtered  as  rapidly  as  possible,  and  the  precipitate 
on  the  filter  consisting  of  alumina  and  peroxide  of  iron  is 
well  washed  with  hot  water ;  the  filtrate  may  contain  lime  and 
magnesia  which  are  determined  in  the  usual  manner.  The  pre- 
cipitate of  alumina  and  oxide  of  iron  is  dissolved  off  the  filter 
with  hot  hydrochloric  acid,  the  filter  being  thoroughly  washed  ; 
the  filtrate  and  washings  being  mixed,  are  accurately  divided 
into  two  equal  parts,  either  by  weighing  or  measuring,  the  for- 
mer being  the  most  accurate,  one  half  is  precipitated  by  slight 
excess  of  ammonia^  filtered,  and  the  precipitate  washed,  dried, 
ignited  and  weighed ;  the  weight  being  calculated  for  the  whole 
qi^tity  of  solution,  gives  the  total  weight  of  alumina  and 
oaide  of  iron  ;  the  other  half  of  the  solution  is  nearly  neutra- 
lized with  pure  carbonate  of  soda,  and  then  boiled  in  a  silver 
or  porcelain  dish  with  pure  caustic  potassa,  this  is  repeated 
twice  or  even  three  times,  the  alumina  is  hereby  dissolved  and 
the  seaquioxide  of  iron  (with  perhaps  a  trace  of  oxide  of  man. 
ganese)  is  lefb  behind.  The  insoluble  residue  is  washed  with 
boiling  water,  redissolved  in  hydrochloric  acid,  precipitated  by 
ammonia,  washed,  dried,  ignited,  and  weighed ;  its  weight  being 
calculated  for  the  whole  solution  gives  the  amount  of  sesqui- 
oxide  of  iron  with  sufficient  accuracy  for  most  practical  pur- 
poses ;  but  it  is  not  exact,  it  being  almost  impossible  to  accom- 
plish the  perfect  separation  of  ahmind  from  sesquioxide  of  iron 
by  caustic  potassa.  In  cases  where  great  accuracy  is  required, 
the  following  method  of  Bivot  may  be  adopted.    The  mixed 
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precipitate  of  alumina  and  sesquioxide  of  iron  is  ignited  and 
accurately  weighed,  it  is  placed  in  a  small  porcelain  boat,  and 
heated  to  redness  in  a  porcelain  tube,  through  which  a  stream 
of  dry  hydrogen  gas  is  passing,  the  oxide  of  iron  is  hereby  re- 
duced to  the  metallic  state,  the  alumina  remaining  unaltered. 
When  no  more  water  is  formed,  the  reduction  of  the  iron  is 
known  to  be  complete,  and  the  tube  is  allowed  to  get  cold,  the 
current  of  hydrogen  continuing  to  pass  through  it ;  the  little 
boat  is  then  removed,  and  its  contents  digested  in  very  dilute 
nitric  acid,  which  dissolves  only  the  iron,  from  which  it  is  after- 
wards precipitated  as  sesquioxide,  by  means  of  ammonia.  It  18 
almost  needless  to  observe  that  this  troublesome  process  is  only 
to  be  followed  in  cases  where  extreme  accuracy  is  required,  as 
in  the  analysis  of  minerals  for  mineralogical  purposes.  The 
process  recommended  (p.  315)  may  likewise  be  employed  for 
the  separation  of  these  two  oxides. 

213.  Akaltsib  07  Makurss. 

(1.)  Guanoi — Thfe  eltensive  use  of  this  complex  manure, 
its  high  price,  and  the  consequent  inducement  held  out  to  un- 
principled vendors  to  sophisticate  it,  render  it  a  matter  of  im* 
portance  that  the  real  value  of  a  sample,  as  a  fertilizing  agent, 
should  be  capable  of  being  tested,  without  submitting  it  to  the 
costly  and  tedious  process  of  an  elaborate  analysis.  "  Imposi- 
tions,'' says  Professor  Johnston  ('Elements  of  Agricultural 
Chemistry*),  ''have  been  practised  on  unwary  farmers,  by  selling 
as  genuine  guano,  artificial  mixtures,  made  to  look  so  like  guano, 
that  the  practical  man  in  remote  districts  is  unable  to  detect  it. 
A  sample  of  such  pretended  guano,  which  had  been  sown  in 
the  neighbourhood  of  Wigtown,  and  had  been  found  to  pro- 
duce no  effect  upon  the  crops^  was  examined  in  my  laboratory, 
and  found  to  contain,  in  the  state  in  which  it  was  sold,  more 
than  half  its  weight  ot'^^psum,  the  rest  being^^a^  or  coal  mAm, 
with  a  little  common  salt^  sulphate  ofammbnia^  and  either  dried 
urine,  or  the  refuse  of  the  glue  manufactories,  to  give  it  a  ^mell. 
I  could  not  satisfy  myself  that  it  contained  a  particle  of  real 
guano.'*  Again,  he  says,  "Pour  vessels  recently  sailed  hence 
(Liverpool)  for  guano  stations,  ballasted  with  gypsum  (plaster 
of  Paris) ;  this  substance  is  intended  for  admixture  with  guano, 
and  wiU  enable  the  parties  to  deliver  from  the  vessel  a  nice- 
looking  and  light-coloured  article.  Parties  purchasing  guano 
are  very  desirous  of  having  it  delivered  from  thd  vessel,  as  they 
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believe  that  they  thereby  obtain  it  pure.  The  favourite  material 
for  the  adulteration  of  guano  is  umber,  which  is  brought  from 
Anglesea  in  large  quantities.  The  rate  of  admixture,  we  are 
informed,  is  about  15  cwts.  of  umber  to  about  5  cwts.  of  Peru- 
vian guano,  from  which  an  excellent-looking  article,  called 
African  guano,  is  manufactured." 

In  selecting  a  guano  the  following  points  ought  to  be  at- 
tended to  by  the  farmer,  (Anderson,  '  Elements  of  Agricul- 
tural Chemistry ') : — 

1.  The  c:uano  should  be  light-coloured  and  dry,  cohering  very 
slightly  when  squeezed  together,  and  not  gritty. 

2.  It  should  not  have  too  powerful  an  am moniacal  smell,  and 
should  contain  lumps  which,  when  broken,  appear  of  a  paler 
colour  than  the  powder. 

3.  A  bushel  should  not  weigh  inore  than  from  56  to  60 
pounds. 

These  characters  are,  however,  imitated  with  great  skill,  so 
that  they  cannot  be  implicitly  relied  upon,  and  they  are  appli- 
cable to  Peruvian  guano  only.  The  following  are  the  chief 
adulterations  in  guano,  which  chemical  analysis  alone  can  de- 
tect : — A  sort  of  yellow  loam,  very  similar  in  appearance  to 
guano,  sandj  brick-dust^  chalk,  umber,  gypsum,  common  salt,  and 
occasionally  also,  ground  coprolites  and  inferior  guano.  These 
substances  are  rarely  used  singly,  but  are  commonly  mixed  in 
such  proportions  as  most  closely  to  imitate  the  colour  and 
general  appearance  of  the  genuine  article.  The  adulteration 
always  takes  place  in  Jarge  towns,  because  it  is  only  there  that 
facilities  exist  for  obtaining  the  necessary  materials,  and  carry- 
ing it  out  without  exciting  suspicion.  "  The  sophisticated  ar- 
ticle," observes  Anderson,  *'  then  passes  into  the  hands  of  the 
small  country  dealers,  to  whom  it  is  sold  with  the  assurance 
that  it  is  genuine,  and  analysis  quite  unnecessary;  In  other  in- 
stances, adulterated  and  inferior  guanos  are  sold  b^  the  ana- 
lysis of  a  genuine  sample ;  and  sometimes  an  analysis  is  made 
to  do  duty  for  many  successive  cargoes  of  a  guanb  which, 
though  all  obtained  from  one  deposit,  may  differ  excessively 
in  composition.  In  the  case  of  a  Peruvian  guano,  a  cotnplete 
analysis  is  not  necessary;  but  an  experienced  chemist,  by 
the  application  of  a  few  tests,  can  readily  ascertain  whether 
the  sample  is  genuine.  Where  the  difference  in  value  between 
different  samples  is  required,  a  complete  analysis  is  necessary, 
and  this  is  indispensable  in  the  case  of  inferior  guanos." 
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Analysis. — The  following  points  should  be  attended  to  in  the 
chemical  examination  of  this  manure,  the  sample  being  mixcKl 
as  uniformly  as  possible,  and  kept  in  a  well-stoppered  bottle : — 

I.  Determination  of  the  Water, — Dry  100  grains  in  the  water- 
oyen  till  it  ceases  to  lose  weight.  A  great  difference  is  hete 
found,  even  in  genuine  guanos^  the  margin  extending  from  7  to 
20  per  cent. 

II.  Determination  of  total  amount  of  fixed  constituents, — In- 
cinerate 50  or  100  grains,  at  a  low  red-heat,  in  a  porcelain  or 
platinum  crucible,  till  the  weight  remains  constant ;  the  residue 
(which  will,  of  course,  vary  greatly  according  as  the  guano  is 
ammoniacal  or  phosphoric)  should  be  white  or  grey ;  a  yellow 
or  red  colour  indicates  a  probable  adulteration  with  loamy  brick' 
dust,  or  sand. 

III.  Determination  of  the  total  amotmt  of  Ammonia, — ^The 
alkalimetrical  method  of  Peli|;ot,  gives  excellent  results ;  it 
involves,  however,  the  operation  of  distillation.  This  is  ob- 
viated by  the  following  modification  of  the  process,  which  is 
particularly  applicable  to  the  analysis  of  guano,  and  ammonia- 
cal manures  generally.  A  weighed  quantity  (say  20  grains)  of 
the  guano  is  placed  in  a  shallow  glass  vessel,  about  four  inches 
in  diameter,  standing  iu  a  plate  filled  with  mercury;  on  a  glass 
triangle,  laid  across  the  dish  containing  the  guano,  is  pla^d  a 
second  dish,  containing  a  measured  volume  of  standard  sul- 
phuric acid ;  a  few  drachms  of  water  are  then  thrown  on  the 
guano,  and  then  some  milk  of  lime,  by  means  of  a  pipette ;  the 
whole  is  now  covered  with  a  beaker,  and. allowed  to  remain  for 
two  or  three  days,  or  until  reddened  litmus-paper  is  no  longer 
affected  when  introduced  within  the  glass.  The  whole  of  the 
ammonia  has  now  been  expelled  from  the  guano  without  the 
aid  of  heat,  and  has  been  absorbed  by  the  acid,  the  quantity  of 
which  left  free,  is  determined  by  means  of  a  standard  solution 
of  soda,  and  the  amount  of  ammonia  calculated  from  the  re- 
sult. 

lY.  Determination  of  the  total  amount  of  Nitrogen, — The  fol- 
lowing method,  though  only  an  approximative  one,  recommends 
itself  by  the  facility  with  which  it  is  executed,  and  the  rapidity 
with  which  it  enables  the  operator  to  ascertain  the  comparative 
values  of  different  speciipens  of  guano.  It  is  founded  on  the 
fact,  that  when  guano  is  treated  with  a  solution  of  chloride  of 
lime,  the  nitrogen  both  of  the  organic  matter  and  of  the  am- 
moniacal salts  is  evolved  as  gas.  Instead  of  collecting  and  mea- 
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suring  the  gas  erolred,  which  would  be  scarcely  practicable  on 
account  of  the  violent  effervescence,  the  volume  of  water  which 
ia  expelled  by  the  gaa  ia  ascertained  by  meaoB  of  the  simple  ap- 
paratus represented  in  the  figure ;  it  con- 
sists of  a  nask  capable  of  containing  about 
half  a  pint,  provided  with  a  narrow  gas  de- 
livery tube,  cent  twice  at  right  angles.  One 
limb,  rather  the  shorter  of  the  two,  is 
passed  air-tight  through  the  cork  of  the 
flask,  and  bent  upwards,  to  prevent  as  far 
as  possible  the  escape  of  bubbles  of  gas. 
Tina  tube  descends  nearly  to  the  bottom  of 
the  flask.  A  second  very  narrow  short  tube 
is  also  passed  through  the  cork,  and  eerres 
for  the  escape  of  air  when  the  cork  is  in- 
troduced. The  longer  limb  of  the  delivery 
tube  dtps  into  a  tallcylinder  or  tube,  which  ^'B- 109. 

is  graduated  to  cubic  centimetres  or  cubic  inches.  The  flask  is 
half  filled  with  solution  of  chloride  of  lime,  carefully  prepared 
and  kept  in  a  dark  place  in  a  closed  vessel.  About  fifteen  or 
twenty  grains  of  guano  are  then  weighed  in  a  smalt  glass  vessel 
which  may  be  the  end  of  a  test  tube  in  which  a  few  small  shot 
have  been  placed  in  order  that  it  may  float.  With  the  aid  of 
the  iron- wire  handle  shown  in  the  figure,  the  tube  is  let  down  so 
oa  to  float  upon  the  surface  of  the  solution  of  chloride  of  lime, 
the  cork  witii  the  tube  is  then  tightly  adjusted,  the  orifice  of 
tiie  smaller  tube  closed  with  wax,  and  the  flask  shaken  so  that 
the  little  vessel  may  fill  and  sink ;  a  volume  of  liquid  equal  to 
the  nitrogen  evolved  from  the  guano,  then  flows  into  the  gra- 
duated cylinder:  when  no  more  liquid  passes  over,  the  cylinder 
ia  depressed  so  as  to  bring  the  liquid  to  the  same  level  as  that 
in  the  generating  flask.  The  wax  plug  is  then  removed, 
the  cork  withdrawn,  and  the  liquid  still  contained  in  tbe  de- 
livery tube  is  allowed  to  run  into  the  cylinder  where  tbe  whole 
is  carefully  measured.  Fifteen  grains  of  good  Peruvian  guano 
evolve  between  four  and  five  cubic  inches  of  gas.  A  more  exact 
determination  of  the  amount  of  nitrogen  is  obtained  by  burn- 
ing a  known  quantity  of  the  manure  with  soda  lime,  accord- 
ing to  Will  and  Varrentrapp's  method  as  modified  by  Peligot 
(p.  555). 

T.  Determiftation  of  the  eonttituentt,  loluble  and  tntoluble  in 
Water. — Digest  150  or  200  grains  with  several  times  its  volume 


610  QUANTITA.T1YE  ANALYSIS. 

of  water ;  throw  on  a  previously  dried  and  weighed  filter,  and 
wash  till  a  few  drops  of  the  wash- water  coUected  in  a  test  tube 
are  not  rendered  turbid  by  the  addition  of  ammonia  and 
chloride  of  calcium  ;  the  filter,  with  the  washed  guimo,  is  then 
thoroughly  dried  in  the  water  oven  and  weighed.  The  differ- 
ence, less  the  proportion  of  water  found  in  (i.)  gives  the  amount 
of  soluble  constituents.  Burn  the  insoluble  matter  and  weigh 
the  ash  which  represents  the  amount  of  fixed  insoluble  salts. 

Ti.  Sand, — Dissolve  the  ash  in  dilute  hydrochloric  acid  :  if 
it  effervesce  strongly ^  there  is  reason  to  suspect  an  adultera- 
tion of  chalk ;  a  good  guano  only  gives  rise  to  a  slight  effer- 
vescence. The  residue,  after  being  well  washed,  dried,  and 
gently  ignited,  is  weighed  as  sand ;  it  should  not  exceed  2  per 
per  cent. 

Tii.  DeterminaHon  of  Phosphate  of  Lime,  —  On  adding 
slight  excess  of  ammonia  to  the  hydrochloric  solution  of  the 
ash,  this  salt  falls  ;  it  is  filtered  off,  washed,  dried,  ignited,  and 
weighed.  The  filtrate  from  the  precipitate  by  ammonia  should 
give,  on  the  addition  of  oxalic  acid,  only  slight  indications  of 
lime.  If,  however,  a  considerable  precipitate  occurs,  the  guano 
has  certainly  been  adulterated  with  chalk,  the  amount  of  which 
must  be  determined.  Should  it  be  desired  to  ascertain  the 
exact  amount  of  phosphoric  acid,  the  hydrochloric  solution  of 
the  ash  should  be  nearly  neutralized  by  ammonia,  then  oxalate 
of  ammonia  added,  and  the  solution  boiled,  acetate  of  ammonia 
in  excess  being  added  to  the  boiling  liquid.  On  standing,  oxa- 
late of  lime  precipitates,  and  is  removed  by  filtration,  and  the 
phosphoric  acid  in  the  clear  filtrate  is  determined  as  pyrophos- 
phate of  magnesia  (sect.  159). 

Tin.  Determination  of  Alkaline  Salts, — For  practical  pur- 
poses it  is  only  necessary  to  evaporate  the  filtrate  from  the 
phosphate  of  lime  to  dryness,  and  weigh  the  residue  after  gentle 
Ignition,  to  expel  the  ammoniacal  salts,  calculating  it  as  "  al- 
kaline salts ; "  when  however  chalk  has  been  found  as  an 
adulteration,  it  must  of  course  be  previously  removed  by  oxalic 
acid. 

By  way  of  reference,  we  append  some  analyses  of  the  highest 
and  lowest  qualities  of  some  genuine  guanos,  on  the  authority 
of  Professor  Anderson  (*  Elements  of  Agricultural  Ohemistiy,' 
p.  210). 
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Water    

Organic  matter 

ammoniaoal 
Phosphates    ... 
Alkaline  salts... 
Sand  

Ammonia  

andl 
salts/ 

Angunos. 

Peruvisn. 

Bolivian. 

► 

Highest. 

Lowest. 

Highest. 

Lowest. 

Highest. 

Lowest. 

12-60 

65-62 

10-83 
7-50 
3-45 

7-09 

50-88 

8-70 
1630 
1708 

10-37 

55-78 

25-20 
7-50 
1-20 

21-49 

46-26 

18-93 

10-64 

2-68 

11-53 

11-17 

62-99 
9-93 
4-38 

16-20 

12-86 

52-95 

13-83 

4-16 

10000 
25-38 

100-00 
17-15 

10000 
18-95 

100  00 
14-65 

100-00 
1-89 

10000 
2-23 

The  following  is  the  composition  of  (so-called)  Peruvian 
guano,  which  has  evidently  however  been  adulterated,  and 
which  is  worth  leas  than  half  the  price  of  the  genuine  ma- 
nure:— 

Water 1206 

Organic  matter  and  apimoniacal  salts     .  84*14 

Phosphates 22-08 

Ovpsum    .     .     T ll'OS 

Alkaline  salts     , 12*81 

Sand    ............  7-88 

100-00 

(2.)  Superphosphate  of  Lime, — "  The  deliberate  adulteration 
of  superphosphates,"  observes  Professor  Anderson,  "  that  is, 
the  addition  to  it  of  sand  or  simiUr  worthless  materials,  I 
believe  to  be  but  little  practised.  The  most  common  fraud 
consists  in  selling  as  pure  dissolved  bones,  articles  made  in 
part,  and  sometimes  almost  entirely,  from  coprolites.  Occa- 
sionally refuse  matters  are  used,  but  less  with  the  intention  of 
actually  diminishing  the  value  of  the  manure,  than  for  the 
purpose  of  acting  as  driers.  It  is  said  that  sulphate  of  lime  is 
sometimes  employed  for  this  purpose,  but  this  is  rarely  done, 
because  that  substance  is  always  a  necessary  constituent  of 
superphosphate  in  very  large  quantities ;  and  as  farmers  look 
upon  it  with  great  suspicion,  all  the  efforts  of  the  manufactu- 
rers are  directed  towards  reducing  its  quantity  as  much  as 
possible," 
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There  is  no  manure  which  requires  greater  vigilance  on  the 
part  of  the  purchaser  than  superphosphate  of  lime,  because  of 
the  great  variations  in  quality ;  thougn  in  consequence  of  in- 
creased competition, and  the  process  oi  manufacture  being  better 
luiderstood,  it  is  much  better  than  it  was  a  few  years  ago. 

Analysis. — The  following  are  the  points  to  be  attended  txi 
in  the  chemical  examination  of  this  manure :  — 

I.  Determination  of  the  Water. — 50  grains  are  dried  in  the 
air  bath  at  a  temperature  of  about  300°  F.  until  the  weight 
remains  constant ;  the  loss  represents  the  amount  of  moisture 
absorbed  by  the  superphosphate,  and  the  water  in  the  gypsum. 

II.  Determination  of  the  relative  proportion  of  soluble  and 
insoluble  constituents. — 150  grains  oi  the  sample  are  boiled  up 
with  water,  and  allowed  to  settle ;  the  decanted  fluid  is  thrown 
on  a  filter,  and  the  residue  again  and  again  boiled  with  water, 
until  there  is  no  longer  an  acid  reaction.  The  insoluble  matter 
is  then  dried  in  the  air  bath  at  about  300°  F.,  and  weighed. 
Of  course,  any  solid  particles  that  may  have  been  retained  on 
the  filter  are  added ;  this  is  best  done  by  drying  and  burning 
the  filter,  and  adding  the  ash. 

III.  Determination  of  the  organic  matter  in  the  insoluble 
portion, — Moisten  with  a  little  nitric  acid,  to  peroxidize  any 
iron  that  may  be  present,  then  ignite  at  a  low  red-heat  in  a 
platinum  crucible,  placed  sideways,  so  as  to  allow  air  to  have 
access;  when  cold,  weigh.  The  loss  represents  the  amount 
of  organic  matter,  ^Zt^  that  of  any  ammoniacal  salts  that  may 
have  been  present. 

IV.  Analysis  of  the  insoluble  matter, — Boil  for  some  time 
with  dilute  hydrochloric  acid,  dilute  largely,  and  boil  again ; 
filter,  wash,  dry,  ignite,  and  weigh  the  residue  on  the  filter, 
which  is  sand  and  clay.  Mix  the  filtrate  and  washings 
well  together,  and  divide  into  three  parts — a,  b,  e.  In  a  de- 
termine the  sulphuric  acid  (from  the  gypsum)  by  chloride  of 
barium ;  mix  b  and  c  together,  add  oxalate  of  ammonia^  and 
considerable  excess  of  acetate  of  ammonia,  and  boil.  All  the 
lime  is  hereby  precipitated  as  oxalate ;  it  is  collected  on  a 
filter,  and  estimated  as  sulphate.  To  the  filtrate  from  the 
oxalate  of  lime  add  tartaric  acid  and  ammoniacal  sulphate 
of  magnesia,*  which  precipitates  the  phosphoric  acid  as  am- 
monio-magnesian  phosphate.  Combine  the  sulphuric  acid  found 
in  a  with  the  quantity  of  lime  requisite  to  form  gypsum 

*  It  is  conTenient  to  keep  on  hand  a  stock  of  tartariud  ammoniacal 
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(40  sulphuric  acid  +  28  lime) ;  add  the  remainder  of  the  lime  to 
the  phosphoric  acid,  and  enter  it  as  ^'  insoluhle  phosphate." 

V.  Analysis  of  the  soluble  portion.  —  Divide  into  thre^ 
equal  parts — a,  h,  c ;  transfer  a  to  a  platinum  dish,  a^d  ^vapo* 
rate  gently  on  the  sand  hath,  adding,  a  little  at  a  time,  thin  milk 
of  lime,  until  a  piece  of  red  litmus-paper  is  turned  faintly 
but  distinctly  blue,  showing  an  alkaline  reactiop ;  continue  the 
evaporation  to  perfect  dryness,  transfer  to  the  air  bath,  dry 
at  :$20^  F.,  and  then  weigh;  ignite,  and  weigh  again.  The 
difference  between  the  results  of  the  two  weighiugs  expresses 
the  quantity  of  organic  matter  in  the  aqueous  solution.  Boil 
the  ignited  residue  with  lime  water,  abd  then  with  distilled 
water  for  a  considerable  time ;  remove  the  sulphuric  acid  from 
the  filtrate  by  chloride  of  barium,  and  then  the  excess  of  the 
barium  and  calcium  salts  by  carbouate  of  ammonia,  and  filter. 
The  filtrate  contains  nothing  but  the  alkalies,  which  are  deter* 
mined  in  the  usual  manner.  Determine  the  sulphuric  acid  in 
b  by  chloride  of  barium ;  evaporate  c  to  dryness  in  a  platinum 
dish  with  excess  of  carbonate  of  soda,  and  add  a  little  nitre  ; 
ignite  the  residue,  rinse  into  a  beaker,  and  dissolve  in  hydro- 
chloric acid  with  the  aid  of  a  gentle  heat.  To  the  clear  solu- 
tion add  ammonia,  and  then  acetic  acid  in  excess.  If  any 
jphosphate  of  sesquioxide  of  iron  be  here  precipitated,  filter  it 
off,  and  divide  the  filtrate  into  two  equal  parts,  in  one  deter- 
mine the  phosphoric  acid  by  the  acetate  of  protoxide  of  ura^ 
nium;  the  liquid  should  be  boiled  after  the  addition  of  this 
reagent,  and  the  precipitate  allowed  to  subside.  Fresenius 
recommends  the  addition  of  a  drop  or  two  of  chloroform  imme- 
diately after  the  precipitation,  and  wheu  the  liquid  has  cooled 
a  little,  giving  the  mixt^re  a  vigorous  shake,  which  materially 
assists  the  precipitation  of  the  finer  particles ;  these  are  col? 
lected  on  a  filter,  the  bulk  of  the  precipitate  being  washed  by 
decantation  ]  the  well-washed  precipitate  is  dried  and  ignited ; 
the  filter  is  also  dried  and  burnt,  and  its  ashes  added  to  the 
ignited  precipitate,  100  parts  of  which  contain  19*78  parts  of 
phosphoric  acid. 

itUphate  of  magnesia  for  phosphoric  add  determinationfl.    The  following 
proportions  may  be  used : — 

2  pints  of  water. 
226  grains  of  tartaric  acid. 

80        „        anhydrous  stdphate  of  magnesia. 
260        „        chloride  of  anmionium. 
PABT  n.  2  B 
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Those  engaged  in  the  frequent  analysis  of  superphosphate 
of  lime  and  other  phosphatic  manures,  will  find  it  convenient 
to  estimate  the  phosphoric  acid  by  one  of  the  volumetric  pro- 
cesses described  in  section  193.  Liebig's  method  bj  perchloride 
of  iron,  as  modified  by  E.  Davy,  gives  excellent  results ;  on  the 
whole,  however,  preference  must  be  given  to  the  acetate  of 
uranium  method  (p.  455).  Determine  the  lime  and  magnesia 
in  the  other  portion  of  c,  in  the  usual  manner. 

Ti.  Determination  of  the  Nitrogen. — The  process  of  Will 
and  Yarrentrap,  as  modified  by  I^eligot  (p.  555),  is  to  be 
followed : — . 

The  composition  of  superphosphates  must  necessarily  vary- 
to  a  great  extent,  and  depends  not  only  on  the  materials,  but 
on  the  proportion  of  acid  used  for  solution.  The  following 
analyses  by  Dr.  Anderson  ('Elements  of  Agricultural  Che- 
mistry ')  illustrate  the  composition  of  some  good  samples  made 
from  different  substances : — 


Water 

BoDM  alone. 

Bone  ABh. 

Chiefly  Coprolitea. 

MiztnreB, 
contaipingSdLtsot 
Ammonia. 

7-74...    7-79 

17-83...  21-69 

1?-18..    9-87 

10-31...  21-17 

46-00...  85-30 

1-46...     0-94 

3:48...     3-24 

6-88...  10-40 

6-94...     4-92 

*21-86...  2809 

5-92...     6-08 

5616...  47-78 

traces 
8-30...     4-30 

5-90...  1017 

510...    413 

•12-24...  18-76 

16-90...    0-17 

52-39...  62-62 

2-47...     0-96 

600...     8-20 

707...  16-82 

9-87...  18-96 

•17-63.,,  12-67 

12-60...     8-40 

49-77...  4514 

0-06...     1-07 

800...     2-94 

Organic  matter  and*) 
ammoniacal  salts . 
*Bipho8phateofliine 
Xnaoluble  phosphatee 
Sulphate  of  lime . . . 
Alk*iline«»ft)t*  ,.....,. 

Sand  

Nitrogen  

100-00... 10000 
2-11...     3-01 

20-57...  15-39 

100-00...  10000 
0-23...     0-81 

33-33...  36-02 

10000...  10000 
0-11...     0-67 

1910...  21-43 

100-00...  10000 
1-28...     1-55 

27-50...  19-77 

*£quiTalent  to  so-  *> 
luble  phosphates) 

Superphosphates  made  from  bones  alone  are  generally  dis- 
tinguished by  a  large  quantity  of  ammonia,  and  rather  ^  low- 
percentage  of  bi phosphate  of  lime.  This  is  owing  to  the 
difficulty  experienced  in  making  the  acid  react  in  a  satisfactory 
manner  on  bones,  the  phosphates  being  protected  from  ita 
action  by  the  large  quantity  of  animal  matter,  which,  when 
moistened,  swells  up,  fills  the  pores,  and  prevents  the  ready 
access  of  the  acid  to  the  interior  of  the  fragments.    Super- 
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phosphates  from  bone  ash,  on  the  other  hand,  contain  a  mere 
trifle  of  ammonia,  and  when  well  made,  a  very  large  quantity 
of  biphosphate  of  lime.  Their  quality  differs  very  greatly, 
and  depends,  of  course,  on  that  of  the  bone  ash  employed, 
which  can  rarely  be  obtained  of  quality  sufficient  to  yield  more 
than  30  or  35  per  cent,  of  soluble  phosphates. 

Goprolites  are  seldom  used  alone  for  the  manuflMsture  of 
superphosphates,  but  are  generally  mixed  with  bone  ash  and 
bone  dust.  Mixtures  containing  salts  of  ammonia,  flesh,  blood, 
ete.,  are  also  largely  manufactured,  and  some  are  now  produced 
containing  as  much  as  4  or  5  per  cent,  of  ammonia,  and  the 
consumption  of  such  articles  is  largely  increasing. 

The  following  analyses  (Anderson)  illustrate  the  composi- 
tion of  some  inferior  varieties  of  superphosphates,  in  the 
manufacture  of  which  the  quantity  of  sulphuric  acid  has  been 
reduced,  and  consequently  containing  a  smaller  proportion  of 
soluble  phosphates ;  these  manures  are  sold  in  tne  market  for 
much  more  tnan  they  are  really  worth : — 

Water    ..........  21-60  6-37  7-19 

Organic  matter  and  ammoniacal  salts  11*62  13*91  8*80 

Biphosphate  of  l^me 2*98  2*02  6*4^ 

Insoluble  phosphates 25*70  158Q  1403 

Sulphate  of  lime 23*6Q  47*52  51-93 

Alkaline  salts 10*70  3*73  8*43 

Sand       ...;..,...  3-80  11*65  8-20 

10000     100.00     10000 
Ammonia    .........      1-32         0-59         033 

214.  Bo9X8. 

The  manurial  value  of  bones  is  dependent  partly  on  their 
phosphates,  and  partly  on  the  nitrogen  they  ;^ield.  The  fol- 
lowing points  should  be  attended  to  in  estimating  the  value  of 
of  a  sample : — 

I.  Determmation  of  Wader* — A  weighed  quantity  is  dried 
in  the  water-oven,  until  the  weight  remains  constant. 

II.  Determination  of  the  total  amount  of  fixed  constituents, — 
Introduce  into  a  platinum  crucible  about  20  grains  of  the 
bone  in  a  coarse  powder ;  place  the  crucible  in  an  oblique  posi- 
tion over  the  gas  or  spirit  oumer,  and  allow  it  to  remain  until 
the  ash  has  become  quite  white ;  the  burning  bone  should  be 

2b2 
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turned  over  from  time  to  time  with  a  platinum  wire ;  wheu 
eold,  weigh  the  residue. 

ni.  Determination  of  the  amount  of  Sand, — Digest  about  20 
grains  (or  the  residue  of  u.)  with  dilute  hydrochloric  acid ; 
throw  on  a  filter ;  wash,  dry,  ignite,  and  weigh  the  residue. 

IV.  Determination  of  the  Lime  and  Fhoephoric  Acid, — To 
the  filtrate  from  the  sand  (lit.)  add  a  few  drops  of  ammonia,  so 
as  nearly  to  neutralise  the  liquor,  then  add  oxalate  of  ammo- 
nia, boil,  and  then  excess  or  acetate  of  ammonia;  allow  the 
precipitated  oxalate  of  lime  to  subside,  then  filter  it  off,  con-* 
yert  it  into  sulphate,  and  weigh.  To  the  filtrate  from  the  oxa* 
late  of  lime,  add  tartaric  add,  and  then  ammonio-sulphate  of 
magnesia,  and  well  agitate ;  filter  off,  after  standing  for  a  day ; 
wash  the  precipitate  on  the  filter  with  ammoniacal  water,  dry, 
ignite,  and  weigh  as  pyrophosphate  of  magnesia.  This  method 
recommends  itself  by  its  extreme  simf>licity,  though  it  is  not 
absolutely  accurate,  as  it  takes  no  cognizance  of  the  nutgneeia^ 
which  all  bones  contain;  as,  however,  it  exhibits  the  total 
quantity  of  phosphoric  acid  {the  real  fertilizing  agent),  it  giyes 
all  the  information  required  fbr  estimating  the  manurial  yalue 
of  the  sample. 

V.  Determination  of  the  Nitrogen, — Ignite  from  15  to  20 
grains  with  soda  lime,  precisely  according  to  the  method  re- 
commended for  the  analysis  of  ammoniacal  salts.  The  result 
of  the  analysis  will  show  the  exact  quantity  of  ammonia  which 
the  gelatine  of  the  bone  is  capable  of  yielding  by  its  decom- 
position. 

VI.  Determination  Qf  the  amount  of  Carbonic  Acidy  in  comhi' 
nation  with  Lime^  ana  perhaps  Magnesia. — ^This  is  effected  by 
the  method  of  Fresenius  and  Will. 

In  estimating  the  value  of  a  manure,  the  particular  element 
required  by  the  soil  to  which  it  is  intended  to  apply  it,  must  be 
taken  into  account.  "Thus"  (observes  Anderson),  "a  farmer 
who  finds  that  his  soil  wants  phosphates,  will  look  to  the  manure 
containing  the  largest  quantity  of  that  substance,  and  possibly 
not  requiring  ammonia,  will  not  care  to  estimate  at  its  full 
value  any  quantity  of  that  substance  which  he  may  be  com- 
pelled to  take  along  with  the  former ;  but  will  look  only  to  the 
source  from  which  be  can  obtain  it  most  cheaply.  It  may  be 
as  weU,  therefore,  to  point  out  that  ammonia  is  most  cheaply 
purchased  in  Peruvian  guano  ;  insoluble  phosphates  in  copro* 
lites ;  and  soluble  phosphates  in  superphosphates  made  from 
bone-ash  alone." 
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The  bones  used  in  agriculture  are  chiefly  those  of  cattle. 
The  following  composition  of  the  bones  of  the  cow  represents 
very  nearly  that  ot  a  genuine  sample : — 

Organic  matter  (gelatine) 83*25 

Phosphate  of  lime 55'50 

Phosphate  of  magnesia 8*00 

Carbonate  of  lime 3*75 

Soda  and  common  salt 8*50 

Chloride  of  calcium     .......  I'OO 

10000 

But  bones  are  met  with  in  commerce  in  other  forms,  in  which 
their  organic  matter  has  been  extracted,  either  by  boiling  or 
by  burning ;  the  latter  is  very  common  in  the  form  of  the  spent 
animal  charcoal  of  the  sugar  refiners,  which  usually  contains 
from  70  to  80  per  cent  of  phosphate  of  lime.  It  was  formerly 
considered  that  the  efficacy  of  bones  as  a  manure  depends 
solely  on  the  quantity  of  phosphate  which  they  contain,  but 
the  benefit  derived  from  the  nitrogenous  constituent,  whieh 
in  the  soil  eventually  takes  the  form  of  ammonia,  is  now  fully 
recognized.  The  gelatine  or  organic  part  of  bones  consists  of-— 

Carbon 60-37 

Hydrogen 6'38 

Nitrogen 17'95 

Oxygen 2535 

10000 

So  that,  supposing  this  animal  substance  to  be  decomposed  in 
the  soil,  the  quantity  of  it  in  lOOlbs.  of  dry  bone  is  sufficient  to 
produce  upwards  of  6^  lbs,  of  ammonia,  as  much  as  is  present 
in  20  lbs.  of  sal-ammoniac,  or  in  30  lbs.  of  crystallized  sulphate 
of  ammonia.  Liebig  has  indeed  advailced  the  opinion  that 
the  ammonia  of  the  atmosphere  will  give  nitrogen  enough  to  the 
plant,  provided  the  soil  be  suftcient^  stippliea  with  the  mineral 
matters  which  it  requires,  but  it  is  well  known  that  the  ex- 
hausted stifiening-liquor  for  calicoes,  which,  in  Manchester,  is 
largely  made  from  bones  by  boiling  them  under  pressure,  has 
b&en  applied  as  a  liquid  manure  to  grass  lanas,  with  the 
greatest  success.  Some  years  ago,  at  the  suggestion  of  the 
late  Professor  Johnston,  a  series  of  experiments  was  made  in 
Scotland  to  test  the  relative  value  of  burnt  and  unbumt  boneS| 
and  the  general  results  were  these :— 
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.  Ist.  That  toholS  bones  under  favourable  (conditions  seldom 
fiul  in  raising  an  average  crop  of  turnips. 

2nd.  That  burnt  bones  in  equivalent  quantity  do  not  always 
succeed  in  raising  an  average  crop. 

8rd.  That  wheu  to.  the  burnt  bones,-  a  sufficiency  of  organic 
matter  in  the  form  of  farm-yard  manure  was  added,  then 
burnt  bones  produced  the  usual  effects  of  whole  bones.  The 
farmer's  surest  reliahce  will  therefore  be  on  entire  bones, 
especially  if  there  be  a  deficiency  of  organic  matter  in  his 

flOll. 
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CHAMER  XII. 

ON  THE  ANALYSIS  OF  THE  ASHES  OP  YEaETABLB  AND 

ANIMAL  SUBSTANCES. 

215.  Analysis  of  Ashes  of  Yeobtablzb. 

(1.)  Method  of  Will  and  Fresenius  ^  Memoirs  and  Proceed- 
ings of  the  Chemical  Society,'  vol.  ii.  p.  179)  : — 

Mrgt  preparation, — Plants  in  a  normal  and  healthy  con- 
dition should  be  selected,  unless  the  design  be  to  study  dis- 
eases and  their  causes.  All  foreign  mattet,  such  as  dirt,  dust, 
etc.,  should  be  carefully  removed ;  but  the  plants  should  not 
be  washed,  or  certain  soluble  salts  might  be  eztrflcted.  Plants 
which  have  been  exposed  to  moist  weather  should,  for  the  same 
reason,  be  rejected. 

The  design  of  analysing  the  ashes  of  plants  may  be — ^simply 
to  ascertain  the  amount  and  nature  of  their  inorganic  consti- 
tuents ;  or,  the  operator  may  have  in  view  the  discovery  of 
the  presence  or  absence  off  certain  substances  in  the  soil,  such 
as  atkaliesy  alkaline  earths,  and  phosphates.  For  the  latter  pur- 
pose an  examination  of  the  ashed  of  all  the  varieties  of  plants 
growing  upon  the  soil  must  be  undertaken  ;  and  when  a  know- 
ledge is  hereby  obtained  of  the  composition  of  the  inorganic 
constituents  of  both  weeds  and  of  cultivated  plants,  and  when 
to  this  is  added  an  acquaintance  with  the  nature  of  ihe  soluble 
constituents  of  the  soil  itself,  the  analyst  is  in  a  position  to 
determine  for  what  crops  the  soil  in  question  is  best  adapted. 
Woods,  herbs,  and  roots,  after  being  perfectly  dried,  may  be 
burnt  upon  a  clean  iron  plate ;  leaves,  Jruit,  and  seeds  may 
be  burnt  in  a  Hessian  crucible,  by  means  of  charcoal  or  coke : 
the  crucible  should  be  placed  somewhat  obliquely  in  the  fire, 
in  order  to  favour  the  access  of  air.  During  the  operation  of 
burning,  and  especially  towards  the  end  of  the  process,  the 
ashes  should  be  allowed  to  lie  as  lightly  in  the  crucible  as 
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pOBsible,  in  order  that  air  might  circulate  freelj  through 
them ;  they  should  not,  therefore,  be  stirred  together :  by  at- 
tending to  this,  a  much  whiter  ash  is  procured  than  would  other- 
wise be  the  case.  After  the  ashes  have  been  well  burnt  in  the 
crucible,  it  is  advisable  to  transfer  them  to  a  platinum  dish,  and 
to  heat  them  to  low  redness  over  a  gas  or  spirit  lamp,  with  con- 
stant stirring ;  they  are  generally  left  almost  white,  but  some 
seeds  require  a  higher  temperature  than  others  to  rid  the  ashes 
entirely  of  charcoal ;  care  must  however  be  taken  not  to  allow 
the  heat  to  rise  sufficiently  high  to  fuse  the  alkaline  salts,  or  it 
will  be  found  afterwards  almost  impossible  thoroughly  to  bum 
away  the  charcoal.  The  ash  is  rubbed  to  a  fine  powder,  and 
transferred  while  warm  to  a  well-stoppered  bottle.  Eose  objects 
to  this  method  of  preparing  ashes  for  analysis ;  his  observationa 
on  this  subject  will  be  referred  to  further  on. 

The  ash  being  prepared,  the  first  step  is  to  determine,  by 
means  of  a  qualitative  examination,  to  which  class  the  ashes 
belong, — whethei*  to  the  nliceoua,  or  to  the  phosphoric^  or  to 
the  earhonie  class.  A  small  portion  is  treated  with  concentrated 
hydrochloric  acid,  which  generally  dissolves  it  completely,  un- 
less the  iftsh  abounds  in  silica ;  if  a  strong  effervescence  accom- 
pany the  solution  in  hydrochloric  acid,  carbonates  of  the  alkalies 
or  alkaline  earths  predominate,  and  the  whole  of  the  phosphoric 
acid  present  is  probably  combined  with  peroxide  of  iron ;  if  no 
(or  only  moderate)  efiervescence  attend  the  solution,  phosphates 
predominate ;  and  if  complete  solution  in  hydrochloric  acid  can- 
not be  obtained,  the  ash  belongs  to  the  siliceous  class. 

To  the  clear  hydrochloric  solution,  acetate  of  ammonia  is 
either  at  onde  added,  or  it  is  first  neutralized  by  caustic  ammo- 
nia, and  free  acetic  acid  afterwards  added.  In  most  cases  a 
yellowish-white  gelatinous  precipitate  is  formed,  consisting  of 
phosphate  of  peroxide  of  iron.  This  precipitate  is  collected  on  a 
filter,  and  ammonia  added  in  excess  to  the  clear  filtrate,  by  which 
means  a  fresh  precipitate  may  be  obtained ;  if  it  be  red,  it  is  per- 
oxide of  iron.  The  solution  is  well  protected  from  the  air^  and 
allowed  to  stand-  for  some  time ;  if  no  further  precipitation  take 
place,  then  it  is  known  that  the  ash  contains  no  other  phosphate 
than  that  previously  precipitated ;  but  should  a  white  deposit; 
gradually  form,  it  consists  of  phosphates  of  linie  and  magneHa^ 
and  shows  that  the  ash  under  examination  contains  more  phos* 
phoric  acid  than  is  combined  with  the  peroxide  df  iron.  It  is 
not  necessary  to  proceed  further  with  the  qualitative  examimh 
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tion,  unless  tbe  operator  sliould  wish  to  test  for  fluorine,  oxide 
of  manganese,  iodine,  bromine,  or  any  other  peculiar  substance, 
the  presence  of  which  may  be  suspected,  and  in  such  cases 
separate  portions  of  the  ash  must  be  used  for  each  experiment, 
as  also  for  determining  quantitatively  the  amounts  of  carbonic 
acid  in  the  ashes  abounding  in  that  principle,  and  of  the  alka- 
lies  in  the  ashes  belonging  to  the  eiliceous  class. 

Determination  of  the  quantity  of  Ashee  yielded  by  a  given 
weight  of  the  Flant. — This  is  a  problem,  the  solution  of  which 
is  of  considerable  importance :  a  quantity  of  solid  matter  is 
annually  removed  from  the  soil  in  the  crop  taken  from  it,  which 
loss  should  be  repaired  as  nearly  as  possible  by  the  judicious 
addition  of  manure.  It  is  the  nature  of  the  manure  to  be  fur- 
nished which  the  farmer  seeks  from  the  analytical  chemist ;  but 
the  farmer  must  take  his  share  in  the  inquiry  by  informing  the 
analyst  as  to  the  weight  of  the  crop  which  a  given  surface  of 
soil  should  yield,  and  this  he  can  in  most  cases  do  with  suffi- 
cient accuracy.  The  vegetable  substance  under  examination 
should  be  dried  in  the  water-bath,  or  still  better  in  a  current  of 
dry  air  produced  by  the  efflux  bf  water  in  the  apparatus,  de* 
picted  in  Fig.  Q^,  page  252,  till  it  ceases  to  lose  weight.  The 
quantity  of  substance  emploved  in  this  experiment  depends  on 
tne  proportion  of  ita  inorganic  constituents.  Of  herbs  and  seeds, 
which  are  in  general  rich  in  these  matters,  from  50  to  100  grains 
will  be  sufficient,  whilst  of  woods  ten  times  that  amount  must 
be  taken.  The  combustion  succeeds  best  in  a  muffle,  the 
dried  vegetable  to  be  incinerated,  being  placed  in  a  porcelain 
or  platinum  dish,  which  just  fits  into  the  muffle,  which  is  gradu- 
ally heated,  the  temperature  not  being  allowed  to  rise  beyond 
dull  redness.  Large  cast-iron  muffles,  two  or  three  of  which 
may  be  heated  by  one  fire,  are  exceedingly  useful  methods  of 
applying  heat  in  a  laboratory.  With  the  aid  of  a  damper  the 
temperature  may  be  regulated  with  great  accuracy,  and  kept 
uniform  for  any  length  of  time.  The  time  required  to  prepare 
an  ash  fit  for  analysis  is  from  ten  to  twelve  nours.  In  cases 
where  a  muffle  is  in  the  first  place  inadmissible,  a  large  Hessian 
crucible  may  be  used.     It  snould  at  first  be  covered,  and  a 

fentle  heat  only  applied,  and  the  mass  being  carbonized  should 
e  reduced  to  ash  in  the  muffle. 

Those  ashes  which  do  not  efiervesce  with  acids,  as  the  ashes 
of  seeds,  may  be  treated  with  nitric  acid,  and  again  ignited,  by 
which  treatment  tliey  will  speedily  be  rendered  quite  white. 
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If  a  very  strong  heat  has  been  employed,  the  carbonic  acid,  and 
in  those  ashes  which  effervesce  with  hydrochloric  acid,  will  be 
expelled,  but  it  may  be  restored  by  moistening  the  ashes  with 
solution  of  carbonate  of  ammonia,  and  afterwards  again  exposing 
them  to  gentle  ignition ;  so  also,  at  a  high  temperature  in  con- 
tact with  charcoal,  the  sulphates  (if  any  be  present)  may  be 
converted  into  sulphides,  but  the  reconversion  of  those  com- 
pounds into  the  original  salts,  may  be  effected  by  heating  the 
ashes  strongly,  and  for  a  considerable  time,  together  with  pure 
oxide  of  mercury.  Although  the  above  method  of  estimating 
the  amount  of  ashes  yielded  by  a  plant  is  not  altogether  free 
from  objection,  it  is,  nevertheless,  a  sufficiently  close  approxi- 
mation to  truth  to  answer  every  practical  purpose ;  indeed,  it 
is  doubtful  whether  more  accurate  methods  would  really  be 
more  valuable,  since  it  is  found  that  the  amount  of  ashes 
yielded  by  the  same  plant  is  not  constant. 

Analysis  of  Ashes  completely  solvhle  in  Hydrochloric  Add : — 
Determination  of  the  Silica,  Charcoal,  and  Sand. — About  60 
grains  of  the  ashes,  which  have  been  found  to  be  soluble  in  hy- 
drochloric acid,  are  treated  with  concentrated  acid  in  a  flask  held 
obliquely  so  as  to  avoid  any  loss  of  the  liquid  during  the  evo- 
lution of  the  carbonic  adid;  a  gentle  heat  is  then  applied 
until  it  is  evident  that  everything  is  dissolved  excepting  the 
carbonaceous  and  sandy  particles.  The  whole  is  now  carefully 
removed  into  a  porcelain  basin,  evaporated  to  dryness  over  a 
water-bath,  and  then  heated  somewhat  more  strongly,  aa  is 
usual  in  separating  silica  (see  section  195).  The  mass  when  cold, 
is  moistened  with  strong  hydrochloric  acid,  digested  for  about 
half  an  hour  with  a  sufficient  quantity  of  water,  and  boiled,  after 
which  the  acid  liquof  is  poured  upon  a  stout  filter,  which  haa 
previously  been  dHed  at  212^,  aiid  weighed.  The  silica  remains 
on  the  filter;  and  if  the  ashes  were  not  perfectly  white  and  pure, 
some  sand  and  charcoal  also.  The  filter  is  washed  and  dried, 
and  the  substance  carefully  removed  from  it  into  a  platinum  or 
silver  crucible  without  injury  to  the  paper.  This  is  effected 
without  difficulty,  if  the  matters  be  perfectly  dry,  the  paper  ia 
most  cases  only  retaining^  so  much  as  to  be  slightly  coloured  by 
the  charcoal.  The  powder  is  now  boiled  for  half  an  hour  with 
pure  potassa-ley  (free  from  silica),  by  which  the  wliole  of  the 
silica,  natural  to  the  ash,  will  be  gradually  dissolved,  leaving  the 
sand  and  charcoal  unacted  upon.  The  insoluble  matter  is  again 
collected  on  the  same  filter,  and  after  being  well  washed^  it  ia 
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dried  at  212^  till  it  no  longer  loses  weight.  The  increase  upon 
the  weight  of  the  dried  filter  is  to  be  estimated  as  charcoal  and 
sand.  The  silica  in  the  alkaline  solution  is  determined  by  add- 
ing hydrochloric  acid  in  excess,  whereby  it  is  precipitated ;  the 
whole  is  evaporated  to  dryness,  and  the  further  treatment  con- 
ducted in  the  usual  manner. 

The  acid  solution  originally  filtered  from  the  silica,  sand,  and 
charcoal,  after  being  well  mixed,  is  divided  into  three,  or  more 
conveniently  into /our  equal  portions,  one  portion  being  reserved 
in  case  of  an  accident  happening  with  either  of  the  other  quan- 
tities. The  division  is  best  efifected  by  means  of  an  accurately 
^aduated  tube  or  (^linder;  the  whole  of  the  fluid  is  collected 
into  the  tube  or  cylinder,  the  ineasure  of  which  thus  represents 
the  weight  of  ash  experimented  upon.  The  solution  is  now 
divided  into  three  or  lour  eijual  or  known  portions,  the  volume 
of  each  is  noted,  and  they  are  labelled  respectively  with  the 
letters  a,  b,  c,  and  d. 

In  a  the  peroxide  ofiton  (oxide  of  manganese)  and  the  alka- 
line earths  are  estimated. 

In  h  the  alkalies. 

In  c  the  sulphuric  and  phosphoric  acids. 

(fl.)  Estimation  of  ths  Fhosphate  of  JPeroside  of  Iron,  Per^ 
oxide  of  Iron,  Oxide  of  Manganese,  and  Alkaline  Earths, — To 
the  solution  ammonia  is  added  until  the  precipitate  thereby  pro- 
duced no  longer  entirely  redissolves ;  acetate  of  ammonia  is  next 
added,  and  sufficient  acetic  acid  to  render  the  sblution  strongly 
acid.  From  the  form  and  appearance  of  the  precipitate,  it  can 
easily  be  judged  whether  it  contains  phosphate  of  lime  ^  if  this 
be  the  case,  more  acetic  acid  must  be  added.  The  yellowish- 
white  precipitate  which  remains  cotisists  of  phosphate  of  per- 
oxide of  iron  (Fe203,POg) ;  its  separation  from  the  fluid  is  as- 
sisted by  gently  heating,  it  is  then  well  washed  on  the  filter  With 
hot  water,  ignited,  and  weighed.  To  the  filtered  solution,  neutr^ 
oxalate  of  ammonia  is  added  as  long  as  a  precipitate  continued 
to  be  formed,  and  the  amount  of  lime  is  determined  in  the  usual 
manner.  When  it  has  been  shown  by  the  qualitative  analysis 
that,  besides  phosphate  of  iron,  the  ash  contains  peroxide  of 
iron  or  oxide  of  manganese  (in  which  case  the  presence  of  the 
earthy  phosphates  is  very  rarely  detected),  the  solution,  pre- 
vious to  the  separation  of  the  lime,  should  be  supersaturated 
with  ammonia,  and  precipitated  by  means  of  sulphide  of  am- 
monium, the  two  oxides  oeing  afterwards  separated  according 
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to  one  of  the  methods  given  in  section  169.  If  the  ashes  under 
examination  contained  earthj  phosphates,  the  solation  filtered 
from  the  oxalate  of  lime  will  contain  free  acetic  acid,  if  other- 
wise, there  will  be  free  ammonia ;  it  is  next  somewhat  concen- 
trated, rendered  ammoniacal,  treated  with  a  solution  of  phos- 
phate of  soda,  and  the  precipitate  formed,  collected,  and  esti- 
mated as  pyrophosphate  of  magnesia. 

(b,)  Estimation  of  the  Alkalies. — The  solution  is  treated  with 
baryta  water  until  it  gives  an  alkaline  reaction,  it  is  then  gently 
heated  and  filtered.  By  this  means  we  get  rid  of  all  the  sul- 
phuric and  phosphoric  adds^  t\iQ  peroxide  ofvrony  the  mcufnesia^ 
and  part  of  the  lime.  The  precipitate  is  washed  on  a  filter  ae 
long  as  the  washings  render  turbid  a  solution  of  nitrate  of  silver* 
It  is  next  warmed,  treated  with  caustic  and  carbonate  of  am- 
monia, and  allowed  to  stand  until  the  precipitate  becomes  heavy 
and  granular.  The  whole  is  now  filtered,  and  the  solid  matter 
washed,  after  which  the  solution  is  evaporated  to  dryness,  and 
the  residue  heated  to  redness  in  a  platinum  capsule  to  expel 
the  ammoniacal  salts.  What  remains  consists  of  the  chlorides 
of  potassium  or  sodium,  or  more  generally  of  a  mixture  of  the 
two.  The  weight  being  noted,  a  little  water  is  added,  which 
generally  leaves  undissolved  a  trace  of  magnesia ;  this  is  col- 
lected on  a  filter,  its  quantity  subtracted  from  that  of  the 
supposed  alkaline  chloriaes.  ana  added  to  that  of  the  magnesia, 
as  previously  ascertained.  The  quantity  of  potassa  is  deter- 
mined by  means  of  chloride  of  platinum  in  the  usuab  way,  and 
that  of  the  soda  is  calculated  from  that  of  the  chloride^ of  sodium 
indicated  by  deducting  the  weight  of  the  chloride  of  potassium 
from  that  of  the  mixed  alkaline  chlorides ;  or  the  amount  of  the 
two  alkalies  may  be  determined  by  the  indirect  method  as  di- 
rected in  page  261. 

(c.)  Estimation  of  the  Sulphuric  and  Phosphoric  Acids, — 
Heat  nearly  to  boiling,  add  chloride  of  barium  in  excess,  allow 
the  precipitated  sulphate  of  baryta  completely  to  subside,  then 
filter  it  ofi*,  and  after  well  washing,  dry,  ignite,  and  weigh. 

If  the  ash  effervesce  strongly  on  the  addition  of  hydrochloric 
acid,  alkaline  or  earthy  carbonates  predominate,  and  the  whole 
of  the  phosphoric  acid  is  probably  in  the  state  of  phosphate  of 
iron.  Should  there  be  no  effervescence,  or  an  inconsiderable 
one,  then  phosphoric  acid  may  exist  in  some  other  form  of  com- 
bination, and  it  will  be  found  in  the  solution  filtered  off  from 
the  phosphate  of  iron  (a),  and  the  process  must  be  modified 
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thus : — having  removed  the  phosphate  of  iron  precipitated  by 
ammonia  and  acetic  acid,  boil  with  oxalate  of  ammonia,  filter 
off  the  oxalate  of  lime,  and  divide  the  filtrate  into  two  parts ;  in 
one  determine  the  magnesia  by  the  addition  of  ammonia  and 
phosphate  of  soda,  and  in  the  other  the  phosphoric  acid  by  tho 
addition  of  ammonia,  chloride  of  ammonium,  and  sulphate  of 
magnesia. 

JSsfifnation  of  the  Chlorine. — A  fresh  portion  (about  15  grains) 
of  the  ashes  is  weighed  out  and  exhausted  with  hot  water, 
slightly  acidulated  with  nitric  acid ;  the  solution  is  precipitated 
with  nitrate  of  silver,  following  the  directions  given  at  page 
851.  If  the  ashes  should  contain  appreciable  quantities  of 
iodine  and  brominej  these  bodies  will  be  found  in  the  precipi- 
tated silver  salt;  for  their  quantitative  estimation,  however,  a 
larger  quantity  of  the  ashes  must  be  employed. 

EstUnatimi  of  the  Carbonic  Acid. — The  amount  of  this  acid  is 
determined  with  the  apparatus  of  Fresenius  and  Will  (p.  268). 

Analysis  of  Ashes  €U>ounding  in  Silica. — Ashes  of  this  kind 
are  in  general  only  partially  soluble  in  acids.  Their  alkalies 
must  therefore  be  determined  in  a  separate  portion  of  the  ash. 
The  chlorine  and  carbonic  acid  are  determined  in  the  same 
manner  as  when  the  ash  is  entirely  soluble  in  acids.  The 
quantity  of  chlorine  found  in  ashes  of  this  class  is,  however, 
probably  always  somewhat  less  than  it  should  be,  since  the  al- 
Kaline  chlorides,  when  ignited  with  silica  and  carbon,  undergo 
a  partial  decomposition. 

Estimation  of  the  Silica. — Pure  potassa  or  soda  ley  is  poured 
upon  about  60  grains  of  the  ashes,  and  evaporated  to  dryness 
in  a  platinum  or  silver  dish.  The  silicic  acid  compounds  are, 
by  this  treatment,  dissolved,  leaving  the  sand  unafiected.  The 
heat  should  not  be  so  great  as  to  fuse  the  mass,  or  some  of  the 
charcoal  might  be  oxidated  at  the  expense  of  the  water  of  the 
hydrated  alkali.  Diluted  hydrochloric  acid  is  poured  upon  the 
mass,  the  whole  evaporated,  and  the  silica,  charcoal,  etc.,  deter- 
mined in  the  manner  already  described.  The  acidulous  solution 
filtered  from  the  insoluble  matter  is  divided  into  two  parts : 
one  is  employed  for  the  determination  of  the  sulphuric  and 
phosphoric  acids,  and  the  other  for  that  of  the  peroxide  of  iron 
and  the  alkaline  earths  by  the  methods  detailed  above. 

JEstimation  of  the  Alkalies. — A  second  portion  of  the  ash, 
(about  50  grains,)  is  ignited  in  a  platinum  crucible  with  four 
times  its  weight  of  hydrate  of  baryta.    The  acid  solution  which 
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remains  after  separating  the  silica,  etc.,  is  precipitated  sacceS' 
sivelj  with  baryta  water  and  carbonate  of  ammonia,  the  alkalies 
being  then  obtained  in  the  state  of  chlorides.  The  further 
treatment  has  already  been  described. 

(2.)  Bote's  method, — It  has  been  mentioned  above  that  the 
method  of  preparing  the  ashes  of  plants  for  analysis  by  igniting 
the  yegetaole  in  Hessian  crucibles,  and  continuing  the  heat 
until  all  organic  matter  is  destroyed,  has  been  objected  to  bj 
Bose,  who  observes  (Chem.  Qaz.,  vol.  v.  p.  158)  that,  if  the  fixed 
constituents  of  plants  are  examined  according  to  the  process 
which  he  adopted  in  examining  the  ashes  of  o^-hlood^  results  dif- 
fering entirely  from  t;hose  yielded  by  the  ash  analyses  hitherto 
published,  may  be  obtained. 

The  process  adopted  by  the  Berlin  chemist  in  his  analyses  of 
the  ashes  of  blood  was  this.  The  blood  w^s  exposed  in  a  covered 
platinum  crucible  to  a  very  faint  red-heat,  then  extracted  with 
cold  water,  and  the  colourless  liquid  evaporated  to  dryness. 
It  was  found  to  consist  of  alkaline  chlorides  and  carbonates, 
with  very  minute  quantities  of  alkaline  sulphates  and  phos- 
phates. The  charred  mass,  extracted  with  water,  was  now 
treated  with  hydrochloric  acid :  the  filtered  solution  did  not 
yield,  with  ammonia,  a  very  considerable  precipitate,  which, 
though  it  looked  almost  like  pure  hydrated  oxide  of  iron,  con- 
tained some  phosphoric  acid  as  well  as  lime  and  magnesia.  In 
the  filtered  solution  a  pretty  considerable  quantity  of  oxalate  of 
lime  was  obtained  with  oxalate  of  ammonia,  proving  the  pre- 
sence of  carbonate  of  lime  in  the  charred  blood;  and  in  the 
liquid  separated  there  was  also  a  small  quantity  of  magnesia. 
The  cinder,  after  treatment  with  water  and  hydrochloric  acid, 
yielded  a  very  considerable  quantity  qf  a  red-coloured  ash,  on 
being  burnt  in  an  atmosphere  of  oxygen.  It  was  in  a  semifused 
state,  and  contained  peroxide  of  iron  (which  formed  the  chief 
part)  and  earthy  and  alkaline  phosphates. 

These  results  differ  considerably  from  those  of  M.  Enderlin, 
whose  method  was  (Liebig^s  '  Annalen  '  and  Chem.  G-az.,  vol. 
iii.  p.  229)  tp  evaporate  fresh  blood  to  dryness,  and  then  to 
powder  and  incinerate  the  residue.  The  ash  thus  obtained 
dissolved  in  hydrochloric  acid  without  effervescence,  whence  he 
concluded  that  the  alkalinity  of  blood  cannot  be  caused  by  an 
alkaline  carbonate,  and  that  there  cannot  exist  in  the  blood  any 
alkaline  salts  with  organic  acids.  The  salts  found  by  M.  Enderlin 
in  the  ashes  of  blood  he  states  to  be  trihqeio  phosphate  qf  so^h 
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(3NaO,FOg),  chlorides  of  sodium  and  potassium,  sulphate  oj 
soda,  phosphate  of  lime,  phosphate  of  magnesia,  and  oonde,  with 
Bome  phosphate  of  iron,  the  alkalinity  of  the  blood  being  pro- 
duced bv  phosphate  of  soda  (BNaOjPOg).  If- the  phosphate 
of  soda  m  the  olood  were  the  ordinary  phosphate  (2NnO,HO. 
POg),  it  would,  according  to  M.  Enderlin,  be  converted  by  a  reH 
heat  into  the  pyrophosphate  (2NaO,P05),  the  third  atom  of  bas( 
(HO)  escaping  ;  but,  according  to  Eose,  the  ordinary  phosphat 
of  soda  (2NaO,HO,P05)  would,  at  a  high  temperature,  decom< 
pose  carbonate  of  soda  and  be  converted  into  tribasic  phosphate 
(SNaOjPOg)  ;  and  that,  in  consequence,  the  conclusions  of  M. 
Euderlin  are  erroneous.  It  has  been  shown  also  by  Marchand 
(Jour,  fiir  Prakt.  Chem.,  April  6,  1846)  that  the  circum- 
stance of  no  carbonates  being  found  in  the  ash,  does  not  in  the 
least  prove  that  they  are  are  not  contained  in  the  blood,  and 
that  we  are  as  little  justified  in  admitting  unconditionally  the 
presence  of  tribasic  phosphate  of  soda  ('iNaOjPOg)  because 
that  salt  is  found  in  the  ash.  Indeed  Marchand  declares  that 
the  admission  of  the  presence  of  8NaO,POg  in  the  blood  ahso' 
lutely  requires  the  admission  of  that  of  carbonate  of  soda,  since 
it  has  been  proved  that  SNaOjPOg  is  converted,  on  exposure  to 
a  moist  atmosphere  containing  carbonic  acid,  into  2NaO,HO 
POg,  and  NaO,C02. 

The  same  objections  which  have  been  urged  against  the 
eonclusions  drawn  by  Enderlin  with  regard  to  the  salts  exist- 
ing in  the  blood,  from  the  analysis  of  the  ashes  prepared  at 
high  temperatures,  have  been  also  applied  by  Bose  to  the 
conclusions  drawn  from  the  results  of  the  analyses  of  the  ashes 
of  plants  prepared  in  the  usual  manner.  It  had  previously 
been  remarked  by  Erdmann  (Liebig's  '  Annalen,'  vol.  Ivi.  and 
Ivii.)  that  the  mode  of  preparation  of  the  ashes  for  analysis 
has  great  influence  on  their  apparent  composition.  His  me- 
thod was  to  burn  the  plant  or  seeds  in  a  raume  furnace,  in  which 
in  the  course  of  three  or  four  hours,  upwards  of  200  grains  of 
the  most  beautiful  ash  of  corn  may  be  obtained.  The  ashes  so 
prepared,  especially  in  those  seeds  that  are  difficult  to  reduce 
to  ash,  generally  contain  the  phosphoric  acid  in  a  lower  state 
of  saturation  than  those  prepared  in  a  crucible.  Thus  the  ash 
of  vyo,  which  usually  contains  an  alkaline  phosphate,  yielding, 
with  oxide  of  silver,  a  white  precipitate,  gives  a  yellow  one  when 
it  has  been  prepared  by  long-continued  ignition  in  a  covered 
crucible ;  apd  biphosphate  of  potassa,  when  ignited  for  a  long 
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time  with  carbonized  sugar,  is  converted  into  a  bibasic,  and 
finally  even  into  a  tribasic  salt.  It  is  evident,  therefore,  that 
a  reauction  of  the  phosphoric  acid  has  taken  place,  and  the 
same  is  the  case  with  the  sulphuric  acid.  These  facts  induced 
Bose  to  undertake  an  examination  of  the  fixed  constituents  of 
certain  plants  by  the  same  method  which  he  had  adopted  in  the 
analysis  of  ox-blood,  a  method  which,  although  it  may  be  ob- 
jected to  in  that  it  takes  more  time,  furnishes  (he  says)  far 
more  correct  results,  and  gives  satisfactory  answers  to  several 
Questions  as  to  how,  or  in  what  combinations,  the  constituents 
round  in  the  ash  were  contained  in  the  organic  substance. 

His  method  is  as  follows : — The  organic  substance  is  car- 
bonized  at  a  low  red-heat  in  a  capacious  platinum  or  -porcelain 
crucible,  until  a  strong  empyreumatic  odour  ceases  to  be  per* 
ceived,  and  the  carbonaceous  mass  yields  no  longer  any  yellow 
or  brown  substance  to  water.  The  remaining  mass  is  now  ex- 
hausted with  hot  water,  as  long  as  a  few  drops  of  the  washings 
leave  any  considerable  residue.  The  aqueous  solution  contains 
the  alkaline  salts  (chlorides,  sulphates,  and  phosphates)  which 
existed  as  »uch  in  the  organic  substance,  and  frequently  like- 
wise alkaline  carbonate  which  either  pre-existed  in  the  sub- 
stance, or  the  alkali  in  it  was  combined  with  an  organic  acid,  or 
some  other  organic  body  which  acted  the  part  of  an  acid  to- 
wards the  alkidi ;  during  the  process  of  carbonization  this  or- 
ganic acid  was  decomposed,  carbonic  acid  being  formed.  The 
solution  is  evaporated  nearly  to  dryness,  diluted  with  water, 
allowed  to  stand  for  some  time  in  order  to  separate  the  earthy 
salts  (carbonates  and  phosphates  of  lime  and  magnesia)  which 
had  been  dissolved  in  the  salts  of  the  alkalies ;  the  precipitate 
is  then  filtered  ofi*,  the  filtrate  dried  up,  weighed,  and  the  acids 
and  bases  contained  therein  estimated  by  the  usual  methods. 

The  carbonized  mass  exhausted  with  water  is  now  digested 
for  some  time  with  hydrochloric  acid,  and  then  washed  with  hot 
water,  until  a  considerable  quantity  of  the  washings  ceases  to 
be  precipitated  by  ammonia ;  the  acid  solution  contains  the 
earthy  phosphates  which  were  present  as  such,  and  sesquioxide 
of  iron ;  these  are  precipitated  by  ammonia,  and  weighed  to- 
gether with  the  earthy  salts  deposited  from  the  aqueous  solution. 
The  phosphoric  acid  in  this  precipitate  is  determined  by  nitric 
acid  and  metallic  mercury  in  the  manner  described  (p.  460). 
The  liquid  filtered  from  the  earthy  phosphates  still  contains 
some  lime  and  magnesia,  which  are  successively  precipitated 
OS  oxalate  and  phosphate. 
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The  carbonized  mass  exhausted  by  hydrochloric  acid  is  jet 
rich  in  ash ;  it  is  by  degrees  completely  incinerated  in  a  thii| 
porcelain  crucible,  through  the  perforated  cover  of  which  oxygen 
IS  passed,  and  the  weight  of  the  ashes  added  to  that  of  the  pour 
stituents  extracted  by  water  and  hydrochloric  acid.  Subse* 
quently  Rose  moistened  the  carbonaceous  mass  with  bichloride 
of  platinum  before  incinerating :  the  ash-grey  residue  thus  ob? 
tained,  is  ignited  in  a  stream  of  hydrogen  gas,  in  order  entirely 
to  decompose  the  double  salts  of  the  alkaline  chlorides  wit^ 
bichloride  of  platinum ;  then  digested  with  hydrochloric  acid, 
and  the  filtrate  analysed  in  the  same  manner  as  the  hydrochloric 
extract  of  the  charcoal.  The  undissolved  residue,  consisting  of 
platinum,  sand,  and  silica,  is  either  first  boiled  with  carbonate 
of  soda  to  remove  the  silica,  and  the  platinum  and  sand  then 
separated  by  aqua^regia^  or  tiie  platinum  is  first  extracted  with 
aqua-^regia,  and  the  residue  is  then  treated  with  carbonate  of 
soda. 

This  method  is  exceedingly  tedious  and  complicated ;  it  has 
moreover  been  shown  by  Strecker  (Ann.  Ch.  Pharm.,  Ixxiii. 
839),  by  Staffel  (Ann.  Pharm.  (2)  Ixiv.  1,  129),  and  by 
Weber  (Fogg.  Ann.,  Ixxxi.  402)  that  as  regards  chlorine  it  is 
incorrect,  in  consequence  of  which  Eose  (Fogg.  Ann.  Ixxx.  9) 
modified  his  original  proofs  by  mixing  the  charred  organic  sub- 
stance with  9pongy  platinum^  incinerating  it  by  small  portions 
at  a  time  in  a  platinum  dish.  The  grey  platiniferous  mass  ob- 
tained \>j  incineration  is  heated  in  an  air  bath  to  120^  until  it4 
weight  IS  constant.  It  is  then  treated  with  hot  water,  the 
aqueous  solution  evaporated  to  dryness,  and  the  residue  gently 
ignited  and  weighed.  The  dry  residue  is  then  divided  into  dif- 
ferent portions  and  analysed  in  the  usual  manner.  That  part 
of  the  ash  (containing  platinum)  which  remains  after  extrac- 
tion with  water  is  treated  with  hot  dilute  nitric  acid,  and 
thoroughly  washed  with  water  acidulated  with  nitric  add. 
The  solution  contains  phosphates  of  lime,  magnesia,  and  ses* 
quioxide  of  iron,  together  with  nitrates  of  potassa,  soda,  lime, 
and  magnesia,  but  no  sulphuric  acid  or  chlorine.  It  is  treated 
with  metallic  mercury  according  to  the  method  described  (p.  460  • 
for  the  determination  of  phosphoric  acid,  and  the  bases  separated 
from  the  latter  are  determined  in  the  ordinary  way.  Tne  pla- 
tinum residue  is  boiled  with  solution  of  caustic  potassa  whicb 
dissolves  the  silica ;  this  is  separated  from  the  alkaline  solution 
in  the  usual  manner. 

PAST  II.  2  T 
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(3.)  Staffer » method  (Arch,  der  Pharm.,  Iziv.  p.  1). — This  is  a 
modificatioB  of  a  method  previously  proposed  bj  Wackenroder. 

I.  The  organic  substances  are  carbonized  in  a  crucible,  the 
lid  of  which  is  stuck  on  with  starch  paste.  The  lid  has  a  hole 
through  which  the  gases  escape;  these  are  inflamed.  The 
eharred  mass  is  exhausted  with  water,  and  the  aqueous  extract 
(through  which,  if  very  alkaline,  a  stream  of  carbonic  acid  is 
passed)  is  evaporated  to  dryness  and  weighed.  The  solution  of 
the  weighed  residue  is  a<;idified  with  nitric  acid,  and  the  silica 
being;  separated  in  the  usual  manner,  the  chloride  is  determined 
by  nitrate  of  silver.  The  excess  of  silver  being  removed  by 
hydrochloric  acid,  the  solution  is  supersaturated  with  ammoaiai 
and  if  no  precipitate  of  phosphate  of  lime  take  place,  the  am* 
moniacal  Imiior  is  mixed  with  oxalic  acid,  for  the  separation  of 
the  liine.  The  liquid  filtered  from  the  oxalate  of  lime  is  preci- 
pitated with  chloride  of  barium.  The  mixed  oxalate,  phosphate, 
and  sulphate  of  baryta,  after  being  dried  and  calcined,  is  di- 

fested  with  very  dilute  nitric  acid,  which  leaves  the  sulphate  of 
aryta  undissolved.    To  the  filtered  liquid  a  slight  excess  of 
ammonia  is  added,  and  it  is  allowed  to  stand  for  some  time.  If 
any  phosphate  of  baryta  should  be  deposited,  it  is  collected, 
dried,  and  calcined ;  and  the  phosphoric  acid  calculated  accord- 
ing to  the  formula  (56aO  +  2F0r)  containing  27*16  per  cent, 
of  phosphoric  acid.     There  is  still  the  potassa  and  soda  to  de* 
termine  in  the  liquid  filtered  from  the  oxalate,  sulphate,  and 
phosphate  of  baryta.    The  excess  of  baryta  is  removed  by  car- 
bonate of  amm.onia,  and  the  alkalies  are  separated  and  estimated 
in  the  usual  manner. 

II.  The  charred  and  exhausted  mass  is  reduced  to  ash  in  a 
Hessian  crucible,  placed  in  a  slanting  position.  The  ashes  are 
weighed,  and  extracted  repeatedly  with  water.  The  solution  is 
divided  into  several  parts ;  in  one  part,  the  chlorine  is  esti- 
mated ;  in  another,  (acidified  with  nitric  acid)  the  silica ;  in  a 
third  the  sulphuric  and  phosphoric  acids  are  thrown  down  by 
chloride  of  barium,  and  separated  as  above  described.  The  so- 
lution freed  from  the  mixed  barytic  precipitates  serves  for  the 
determination  of  the  alkalies.  In  a  fourth  portion  the  lime  and 
magnesia  are  estimated. 

III.  The  residue,  insoluble  in  water,  is  digested  with  hydro- 
chloric acid.  The  solution  is  evaporated  to  dryness,  and  again 
dissolved  in  warm  hydrochloric  acid ;  the  silica  and  sand  in  the 
insoluble  residue  are  separated  by  caustic  potassa.    The  hydro- 
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chloric  solution  is  divided  into  two  equal  parts :  in  one,  the  alka- 
lies are  determined ;  the  other  serves  for  the  estimation  of  the 
earths,  peroxide  of  iron,  and  phosphoric  acid,  which  is  effected 
according  to  the  following  plan :— The  solution  is  heated  to  boil- 
ing in  a  flask,  mixed  with  acetate  of  soda  and  some  acetic  acid  ; 
the  resulting  precipitate,  consisting  of  perphosphate  of  iron  and 
phosphate  of  alumina,  or  of  the  first  only,  is  collected  on  a 
filter,  dried,  calcined,  and  weighed.  To  separate  the  peroxide 
of  iron  from  the  alumina,  the  weighed  precipitate  is  dissolved  in 
hydrochloric  acid,  diluted  with  water,  and  heated  to  boiling  for 
some  time,  with  the  addition  of  caustic  potassa.  Tbe  separated 
peroxide  of  iron  is  collected  on  a  filter  and  calculated  for  phosf- 
phate  of  iron  according  to  the  formula  (FcgOgyPOs)  proposed 
Dy  Wackenroder.  The  alumina  is  precipitated  from  the  fil- 
tered alkaline  liquid  by  acetic  acid  as  phosphate  of  alumina 
( AI2  O3,  F  O5)  dried,  calcined,  and  weighed.  In  this  case  we  must 
not  omit  to  examine  the  mixed  precipitate  obtained  by  acetate 
of  soda,  for  phosphate  of  lime,  as  frequently  some  is  found  in 
ashes  which  contain  much  phosphate  of  lime.  If  this  preci- 
pitate be  affain  dissolved  in  dilute  hydrochloric  acid,  dilutea  with 
water,  ana  heated  to  boiling  with  the  addition  of  acetate  of 
soda,  it  is  obtained  free  from  every  trace  of  phosphate  of  lime. 
Afber  the  alumina  and  peroxide  of  iron  have  been  precipitated 
by  acetate  of  soda  from  the  acid  extract  of  the  ash  in  the  state 
of  phosphate,  the  separated  liquid  is  mixed  with  a  solution 
of  perchloride  of  iron  (the  amount  of  iron  in  which  is  known, 
and  equal  in  weight  to  about  the  tenth  or  twentieth  part  of  the 
entire  weight  of  the  ash),  in  order  to  determine  the  phosphoric 
acid  still  contained  in  it,  the  liquid  itself  is  diluted  with  a  con- 
siderable amount  of  water,  heated  to  boiling  in  a  flask  with  the 
addition  of  6  or  7  grains  of  chlorate  of  potassa,  nearly  neu- 
tralized with  carbonate  of  soda,  and  the  whole  of  the  iron  added 
to  the  liquid  thrown  down  as  basic  phosphate  by  the  further 
addition  of  acetate  of  soda.  The  precipitate  is  collected  on  a 
filter,  washed,  dried,  and  ignited  in  a  platinum  dish  after  hav- 
ing been  moistened  with  a  few  drops  of  nitric  acid,  and  in  this 
way  a  basic  phosphate  of  iron  is  obtained  perfectly  free  from 
protoxide.  The  liquid  filtered  from  the  basic  phosphate  of  iron 
IS  heated  to  boiling  in  a  fiask  with  carbonate  of  soda,  in  order  to 
precipitate  lime,  magnesia,  and  protoxide  of  manganese  as  car^ 
Donates.  The  filtered  liquid  is  mixed  with  some  phosphate  of 
soda  and  ammonia,  and  the  crystalline  precipitate  of  ammonior 
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Ehospliate  of  magnesia,  obtained  after  twelve  or  twenty-four 
ours,  added  to  that  portion  to  be  mentioned  presently.  The 
mi^^ed  precipitates  of  earthy  carbonates  are,  after  drying, 
•heat-ed  to  strong  redness  in  a  porcelain  crucible,  then  dissolred 
ip  cold  nitric  acid.  If  any  manganese  be  present  it  is  left  as 
Mn304.  The  separated  liquid  is  mixed  with  oxalate  of  potassa, 
the  oxalate  of  lime  calcined  after  drying,  and  calculated  from 
the  amo)int  of  carbonate.  After  separating  the  oxalate  of  lime, 
the  liquid  is  mixed  with  ammonio-phosphate  of  soda,  and  the 
crystalline  precipitate  obtained,  after  standing,  is  mixed  with 
that  previously  obtained,  calcined,  and  the  weight  of  magnesia 
calculated  from  it.  The  other  half  of  the  liquid  is  examined 
for  alkalies  according  to  the  usual  method. 

(4j.)  Way  and  OgstotCs  method  (*  Journal  of  the  Boyal  Agri- 
cultural Society  of  England,'  vols.  viii.  and  ix.)  : — 

I.  Estimation  of  the  tVaterin  the  vegetable. — Grains  are  dried 
entirjB ;  bulbs,  leaves,  etc.,  are  cut  into  small  pieces ;  the  tempe- 
rature employed  is  at  first  about  150°  or  L60°  F.,  at  which 
it  is  kept  for  a  fortnight ;  the  vegetable  is  then  weighed,  and 
dried  agaip  for  another  week  or  fortnight ;  the  drying  is  com- 
pleted in  the  water  oven  at  212°,  till  there  is  no  longer  a  loss 
pf  weight. 

IT.  Estimation  of  the  percentage  of  Ash, — From  100  to  200 
grains  of  seeds,  and  from  60  to  80  grains  of  dried  bulbs, 
leaves,  etc.,  are  burnt  in  a  small  platinum  dish  (watch-glass 
shape)  over  the  air-fiame  of  gas,  the  burning  being  continued 
till  the  ash  is  quite  white ;  with  ashes  that  fuse  but  still  con- 
tain little  silica,  the  burning  is  stopped  before  fusion  begins. 
The  weighed  ash  is  treated  with  dilute  hydrochloric  acid; 
the  charcoal  (which  seldom  amounts  to  -j^  of  a  grain)  is  col- 
lected, washed,  dried,  weighed,  and  deducted.  In  all  specimens 
burnt  for  analysis,  the  estimation  is  checked  by  the  larger 
quantity. 

m.  Burnina  the  Ash  for  analysis, — ^From  40(X)  to  6000  grains 
of  seeds  carefully  cleaned,  and  from  1(XX)  to  2(X)0  grains  of 
dried  bulbs,  leaves,  eta,  are  burnt  in  a  large  platinum  dish, 
over  a  Black's  furnace,  supported  in  the  opening  at  the  top, 
by  a  solid  iron  ring ;  the  temperature  never  exceeds  dull  red- 
ness ;  there  is  perfect  access  of  air,  the  dish  being  8  or  10 
inches  broad,  and  1}  inch  deep  only.  The  ash  is  stirred,  when 
necessary,  with  a  thick  platinum  wire ;  the  burning  is  discon- 
tinued as  soon  as  the  charcoal  ceases  to  glow  at  a  dull  red-heat^ 
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The  ash  is  in  every  case  examined,  in  case  of  any  trace  of 
foreign  matter  having  been  overlooked ;  it  is  then  powdered^ 
dried,  and  wei,^hed. 

lY.  Estimation  cf  Chlorine  and  Sulphuric  Acid. — 15  or  20 
grains  are  heated  with  water,  and  a  small  quantity  of  nitric  acid 
added ;  the  solution  is  filtered,  and  precipitated  with  nitrate  of 
silver  for  chlorine;  the  excess  of  silver  being  thrown  down 
from  the  precipitated  chloride  of  silver  by  hydrochloric  acidj 
the  sulphuric  acid  is  precipitated  from  the  filtrate  by  chloride 
of  barium. 

Y.  Estimation  of  Carhonie  Acid, — This  is  effected  in  15  or  fiO 
grains  of  the  ash  by  one  of  the  well-known  methods.  (See 
Cabbonio  Acid.) 

Yi.  Estimation  of  the  Silica. — If  the  ash  be  siliceotts,  or  con- 
tain much  charcoal,  40  or  50  grains  are  mixed  with  exactly  its 
own  weight  of  finely  powdered  and  pure  nitrate  of  baryta ;  the 
mixture  is  thrown  by  a  platinum  knife,  by  small  portions,  into  ti 
large  platinum  crucible  gently  heated  by  a  spint  or  gas  lamp ; 
a  gentle  deflagration  occurs  without  loss;  the  ash  becomes 
quite  white,  and  is  easily  decomposed  by  acids ;  it  is  treated 
with  hydrochloric  acid,  evaporated  to  dryness,  and  the  silica 
separated  as  usual ;  correction  is  made  for  the  sulphate  of 
baryta  present ;  the  silica  is  dissolved  by  boiling  for  half  an  hour 
with  caustic  potassa,  filtered,  and  the  loss  of  weight  ascertained  j 
the  silica  is  again  separated  by  an  acid  and  evaporation. 

Yii.  Estimation  of  the  Alkalies. — A  certain  measiu*e  of  the^ 
liquid  is  precipitated  successively  by  caustic  baryta,  and  carbo- 
nate  of  ammonia  mixed  with  caustic  ammonia ;  evaporated  to 
dryness,  and  the  residue  ignited  and  weighed.  It  is  redissolved 
in  a  little  water,  treated  with  chloride  of  platinum,  and  thei 
liquid  evaporated  to  dryness  on  the  water-bath ;  alcohol  (con* 
taining  a  little  ether)  is  added,  and  the  salt  collected  on  a  filter^ 
washed  with  the  same  liquid,  and  dried  at  212°. 

Yiii.  Estimation  of  Ferphosphate  of  Iron^  Lime,  and  Mag* 
nesia. — The  remainder  of  the  liquid  is  precipitated  with  dilute 
sulphuric  acid ;  the  sulphate  of  baryta  is  collected  and  weighed  ;• 
it  always  contains  some  sulphate  of  lime,  which  admits  of 
calculation  from  the  quantity  of  nitrate  of  baryta  employed. 
One  portion  of  the  filtered  liquid  is  nearly  neutralized  by> 
ammonia,  acetate  of  ammonia  added,  warmed,  and  the  phos- 
phate of  iron  collected ;  the  lime  is  precipitated  by  oxalate  of 
ammpnia,  and  the  magnesia  by  phosphate  of  soda  and  amt^^ 
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inonia ;  to  the  lime  is  added  that  present  in  the  sulphate  of 
baryta. 

IX.  Eitimaiion  of  the  Phosphoric  Acid. — A  known  quantity 
of  the  solution  is  nearly  neutralized  with  ammonia ;  acetate  of 
ammonia  is  then  added,  and  from  the  filtrate  now  containing 
free  acetic  acid,  the  lime  is  precipitated  by  oxalate  of  ammonia ; 
the  solution  filtered  from  the  oxalate  of  lime  is  diyided  into 
two  parts ;  in  one,  the  magnesia  is  precipitated  by  ammonia, 
phosphate  of  soda  being  added  if  necessary ;  in  the  other  portion 
the  phosphoric  acid  is  determined  by  means  of  sulphate  of  mag- 
nesia, chloride  of  ammonium,  and  ammonia,  in  the  usual  manner. 

In  ashes  which  contain  bat  little  silica  or  charcoal,  the  same 
method  is  followed,  omitting  the  deflagration  with  nitrate  of 
I  aryta. 

With  respect  to  Bose's  method  of  preparing  and  analysing 
ashesj  the  conclusions  at  which  Way  and  Ogston  arriyed  after  a 
laborious  series  of  experiments  may  be  summed  up  thus.  It 
is  impossible  to  bum  a  siliceous  vegetable  at  any  ayailable 
temperature  without  a  loss  of  carbonic  acid ;  and  in  the  absence 
of  silica,  phosphates  with  less  than  three  atoms  of  base  will,  to 
a  greater  or  less  extent,  act  upon  the  carbonates  of  the  ash, 
and  thus  yitiate  the  results  as  far  as  this  acid  is  concerned. 
The  method  proposed  by  Bose  of  treating  the  charred  yege» 
table  by  water  and  estimating  the  alkaline  carbonate  in  solu- 
tion can  but  partly  remove  this  defect,  for  it  leaves  the  insoluble 
earthy  carbonates  quite  undetermined^  In  fact,  we  know 
of  no  method  of  burning  plants  so  as  to  obtain  estimations 
of  the  carbonic  acid  of  their  ashes  which  shall  be  at  all  indica- 
tive of  the  organic  acids  present  in  the  vegetable  substance. 
But  a  knowledge  of  the  proportion  of  carbonic  acid  for  prac- 
tical purposes  is  not  required.  In  the  ordinary  method  of 
burning,  there  is  a  liability  to  loss  of  eulphurie  acid,  wherever 
silica  is  present,  add  where  silica  is  not  present  there  is  always 
a  loss  of  sulphur  Twt  existing  in  the  plants  as  sulphuric  acid, 
which  loss  is  very  variable  in  different  experiments,  depending 
on  a  variety  df  circumstances  over  which  the  operator  can 
exercise  no  distinct  control.  The  presence  of  phosphates  does 
not  appear  to  hate  any  action  upon  the  sulphates  of  the  ash, 
and  therefore  the  sulphuric  acid  afforded  by  an  ordinary  burning 
of  a  non-siliceous  plant  must  represent  the^ZZ  quantity  of  that 
acid  actually  existing  in  the  plant.  There  seems,  at  present, 
no  method  of  distinguishing  the  sulphuric  add  of  the  plant 
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from  its  Bulphur,  but  an  exact  estimation  of  the  total  sulphnr 
is  obtained  Dj  digesting  the  plant  with  strong  nitric  acid,  till 
the  substance  of  it  has  been  broken  down  into  one  uniform 
pulp,  when  the  free  acid  is  neutralized  with  pure  carbonate  of 
soda,  and  the  mixture  evaporated  and  carefullj  burnt.  The 
ash  is  then  introduced  into  a  deep  flask,  and  treated  verv 
gradually  with  strong  nitric  acid  till  it  becomes  acid.  It  is 
important  to  employ  strong  nitric  acid,  and  a  deep  rather 
than  an  open  vessel ;  because  without  these  precautions  there 
is  a  very  considerable  liability  to  loss,  sulphuretted  hydrogen 
being  evolved  from  the  alkaline  sulphides  produced  in  the  last 
stages  of  the  burning.  The  sulphuric  acid  in  the  nitric  solu-i 
tion  is  estimated  as  sulphate  of  baryta  in  the  usual  manner. 
The  ordinary  methods  of  burning  give  perfectly  accurate  re- 
sults for  phosphoric  acid  both  in  siliceous  and  in  non^siliceous 
ashes,  provided  an  intense  heat  be  not  employed,  in  which  case 
it  is  just  possible  that  phosphorus  may  be  reduced  and  dissi- 
pated, though  from  the  tenacity  with  which  phosphoric  acid 
retains  its  last  equivalent  of  base^  such  a  result  even  then  is 
more  than  questionable.  Phosphates  containing  two  atoms  of 
a  fixed  base,  with  one  of  water,  are  not  capable  of  decomposing 
chlorides  at  a  high  temperature,  but  phosphates  with  only  one 
equivalent  of  a  fixed  base^  and  one  or  more  of  water,  do  decom^ 
pose  alkaline  chlorides  when  heated  with  them,  the  chlorine 
escaping  as  hydrochloric  acid;  but  there  is  good  reason  for 
believing  that  in  the  burning  of  plants,  this  water  is  dissipated 
by  the  heat  long  before  the  mineral  substances  of  the  asn  can 
have  been  brought  in  sufficient  contact  to  enable  them  to  act 
upon  each  other.  Direct  experiments  proved  that  it  was  quite 
possible  to  obtain  coincident  results  in  regard  to  chlorine  by 
careful  burning,  though  when  an  unusually  high  temperature 
is  employed  a  loss  of  greater  or  less  extent  occurs ;  but  this 
loss  does  not  seem  to  be  increased  by  the  presence  in  the  ash 
of  a  large  proportion  of  silica  or  of  phosphates.  With  respect 
to  the  ^kalies,  as  they  could  only  be  lost  in  the  form  of  chlo* 
rides,  the  same  observations  which  apply  to  chlorine  apply  to 
those  ingredients  as  plant  ashes  also.  It  is,  after  all,  a  matter 
of  temperature,  and  the  authors  think  that  the  discrepancies 
in  the  results  obtained  by  different  ash-analysts  may,  no  doubt, 
be  referable  in  many  cases  to  this  cause.  The  buroins  of  a 
plant  for  analysis  is  plainly  a  process  requiring  consioerable 
care, — a  process  that  should,  in  no  instance,  be  hurried  forward ; 
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but  tlie  authors  submit  that,  on  the  whole,  tbej  have  de- 
Inbnstrated  that  (with  the  exception  of  sulphur,  which  is  ob- 
tained by  a  separate  process)  their  method  of  burning  crops 
affords  an  ash  really  and  correctly  representing  the  mineral 
matter  of  the  plants  under  investigation. 

(5.)  8trBcker*8  method. — ^He  first  chars  the  substance  at  a 
tcry  low  red-heat  in  a  muffle,  until  fumes  are  no  longer  given, 
off;  it  is  then  well  mixed  with  a  saturated  solution  of  pure 
hydrate  of  baryta ;  evaporated  to  dryness  and  ignited  at  a  low 
f«d-heat.  The  baryta  ash  is  digested  with  aqua-regia  and  eva- 
porated to  dryness ;  the  sulphur  is  hereby  converted  into  sul- 
phuric acid,  and  the  phosphorus  into  phosphoric  acid :  it  is  then 
digested  with  hydrochloric  acid  and  filtered :  silica^  sulphate  of 
baryta,  charcoal,  and  sand  remain  on  the  filter;  the  filtrate 
contains  all  \Aie  phosphoric  Mid,  together  with  excess  of  baryta, 
lime  and  magnesia :  it  is  treated  with  ammonia  until  a  precipi- 
tate begins  to  fall,  which  is  redissolved  with  a  few  drops  of  hy- 
drochloric acid.  To  the  slightly  acid  solution  a  su£cient  quan- 
tity of  ammoniacal  sulphate  of  magnesia  and  tartaric  acid  is 
Idded:  no  precipitate  takes  place,  because  the  solution  is  acid; 
oxalate  of  ammonia,  and  abundance  of  acetate  of  soda  are  now 
added,  by  i^hich  the  excess  of  baryta  and  lime  are  precipitated 
as  oxalates,  and  are  filtered  off;  the  phosphoric  acid  remains 
in  the  form  of  ammonio-magnesian  phosphate  in  the  acetic 
solution,  from  which  it  is  precipitated  by  ammonia,  filtered, 
iind  estimated  as  usual. 

Arrangement  of  the  rUsults  of  analysis,-- Since  the  analysis 
of  the  ashes  of  a  plant  can  convey  no  precise  information  as 
to  the  manner  in  which  the  several  acids  and  bases  found  are 
actually  combined  in  the  living  vegetable,  the  method  recom- 
mended by  Eresenius  and  Will,  namely,  that  of  enumerating 
the  percentage  weights  of  the  acids  and  bases  found,  is  pro- 
hsibly  the  best  which  the  present  state  of  our  knowledge  ad- 
mits of;  but,  whether  this  or  any  other  method  be  adopted, 
it  is  highly  desirable  that  there  should  be  uuifonnity  on  the 
subject,  for  it  is  only  thus  that  the  results  of  different  analyses 
can  be  compared  together,  and  so  applied  to  the  solution  of 
certain  interesting  questions  in  physiology  and  in  agriculture. 
The  chlorine  found  in  the  analysis  is  always  calculated  as  chlo- 
ride of  sodium,  or  chloride  of  potassium  should  the  quantity 
of  sodium  be  insufficient,  and  the  manganese  as  manganoso^ 
manganic  oxide  (MusO^). 
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216.  Analysis  of  Ashes  of  Blood  and  Flesh. 

I.  Of  Blood  (Verdeil's  process,  Ann.  Ch.  Pharm.,  Ixix.  p.  89), 
— The  blood  is  first  charred  in  a  porcelain  crucible  till  no  more 
empyreumatic  vapour  is  evolved  ;  the  porous  coal  is  powdered 
and  incinerated  in  a  muffle,  and  lastly,  the  ash  is  heated  with 
nitrate  of  ammonia,  which  is  dissolved  in  water  and  added  by 
degrees.  The  coal  is  thus  entirely  burnt,  and  the  carbonates 
are  converted  into  nitrates,  by  which  meann  a  complete  sepa- 
ration is  effected  of  the  constituents  soluble  in  water  from 
those  which  are  insoluble.  The  ash  of  blood  thus  prepared, 
when  digested  with  water  and  filtered,  yields  a  perfectly  neu- 
tral solution,  which  contains  alkaline  phosphates,  nitrates,  and 
sulphates,  as  well  as  metallic  chlorides  and  phosphate  of  mag- 
nesia, whilst  phosphate  of  lime  and  sesquioxide  of  iron  re- 
main behind.  From  the  aqueous  solution  all  the  chlorine  and 
phosphoric  acid  are  precipitated  by  nitrate  of  silver.  The  pre- 
cipitate when  treated  with  dilute  nitric  acid,  leaves  chloride  of 
silver,  dissolving  the  phosphate  ;  from  the  filtrate,  the  silver  is 
precipitated  by  chloride  of  potassium,  and  the  phosphoric  acid 
IS  thrown  down  as  ammonio-magnesian  phosphate.  From 
the  solution  which  contains  the  alkalies,  the  sulphuric  acid  is 
removed  by  chloride  of  barium,  the  bairta  and  lime  then  pre- 
cipitated by  carbonate  of  ammonia  and  ammonia,  the  filtrate 
evaporated,  and  the  residue  ignited.  On  treatment  with  water 
the  magnesia  is  left,  whilst  the  alkalies  are  dissolved,  and  are 
determined  as  usual.  The  sesquioxide  of  iron,  the  lime,  and 
the  phosphoric  acid  are  also  determined  by  the  usual  methods 
in  tae  portion  which  is  insoluble  in  water.  For  the  determi- 
nation of  the  lime,  the  sulphuric  and  carbonic  acids,  separate 
quantities  of  ash  are  employed. 

II.  Of  Flesh,  and  Animal  Substances  generally  (Keller, 
Ann.  Cliem.  Pharm.,  Ixx.  91). — The  animal  matter  is  boiled 
repeatedly  with  water,  and  the  solution  separated  from  the  re- 
sidue by  pressure.  The  liquid  is  evaporated,  and  the  residue 
charred  in  a  porcelain  capsule ;  the  powdered  coal  is  boiled 
with  water,  and  the  undissolved  residue  is  completely  incine- 
rated in  the  muffle.  The  residue  of  the  flesh  which  has  been 
boiled  out  and  pressed  is  likewise  dried  and  carbonized,  and 
the  coal,  in  a  finely  divided  state,  is  treated  for  several  days 
with  strong  nitric  acid,  after  which  it  bums  in  the  muffle  very 
easily.    The  nitric  solution  is  evaporated,  and  the  ignited  re- 
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sidue  repeatedly  heated  with  nitrate  of  ammonia,  till  all  the 
coal  baa  disappeared.  The  aahes  thus  obtained  are  intimately 
mixed,  and  ignited  with  three  or  four  timeB  their  volume  of 
fused  hydrate  of  baryta.  From  the  aqueous  solution  of  the 
ignited  mass,  tbe  baryta  is  removed  by  sulphuric  acid  or  car- 
bonate of  ammonia,  and  the  alkalies  estimated  in  the  filtrate. 
The  portion  insoluble  in  water,  which  contains  all  the  phos- 
phoric acid,  is  dissolved  in  the  least  possible  quantity  of  nitric 
acid :  the  sulphate  of  baryta  which  separates,  is  weighed,  and 
the  phosphate  of  sesquioxide  of  iron  precipitated  by  ace- 
tate of  ammonia :  from  the  acetic  solution,  the  total  amount  of 
phosphoric  acid  is  separated  by  acetate  of  lead.  After  the  de- 
composition of  the  washed  phosphate  of  lead  by  sulphate  of 
ammonium,  the  phosphoric  acid  is  precipitated  from  the  filtrate 
by  sulphate  of  magnesia.  In  the  solution  filtered  from  the 
phosphate  of  lead,  the  baryta  and  oxide  of  lead  are  precipitated 
by  sulphuric  acid,  the  filtrate  (from  which  the  last  traces  of 
lead  are  precipitated  by  sulphuretted  hydrogen)  is  evaporated, 
and  the  lime  and  magnesia  estimated  as  usual. 
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APPENDIX. 


Table  I. — Jbr  the  Calculation  of  Analyses. 

Is  the  following  Table  the  numbers  have  been  re-calculated  on 
the  equivalent  numbers  assigned  to  the  elementary  substances 
in  the  Table,  page  255,  which  is  from  the  latest  authorities. 

The  application  of  this  Table,  and  its  convenience  in 
quantitative  analysis,  may  be  illustrated  by  the  following  ex- 
ample : — 

Suppose  as  the  result  of  an  experiment  to  determine  the 
amount  of  sulphur  in  a  certain  substance,  13*75  grains  of  sul- 
phate of  baryta  have  been  obtained.  On  turning  to  the  Table  we 
find  under  the  head  of  '*  required  sulphur*^  found,  "  sulphate  of 
haryta^'*  a  series  of  figures  arranged  in  nine  columns,  tliose  in 
the  first  column  indicating  the  amount  of  sulphur  in  a  wnit  of 
sulphate  of  baryta,  and  those  in  the  other  columns  the  mul- 
tiples of  that  number  by  2,  3,  4,  5,  6,  7,  and  9.  In  the  case  we 
are  considering,  we  require  to  learn  the  amount  of  sulphur  in 
13*75  grains  of  sulphate  of  baryta:  we  turn  to  Column  1,  where 
we  find  the  number  0*13734 ;  we  pUt  down  this  number,  shill- 
ing the  decimal  point  one  figure  further  to  the  right ;  we  next 
turn  to  Column  3,  where  we  find  the  number  0*41202  ;  we  place 
this  number  under  the  former,  preserving  the  decimal  point  un- 
altered; the  next  number  is  7,  under  which  coluilin  we  find  the 
number  0*96138  ;  we  place  this  number  tinder  the  last,  shift- 
ing the  decimal  point  one  figure  further  to  the  left ;  in  like 
manner  the  last  number  being  4,  we  write  down  the  number 
found  under  that  column,  vi2.  0*6870,  shifting  the  decimal  point 
two  figures  further  to  the  left :  the  whole  will  ccfnsequently 
stand  thus : — 

1*373400 

0-412020 

0  096138 

00068()7 

1*888425 

13*75  grains  of  sulphate  of  baryta  contain,  therefore,  1*888 
grains  of  sulphur. 
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Table  H.—Frenoh  Measures  of  Weight,  with  their  English  EqmvaletUs, 


t    ! 


^    II 


Milligramme  . 
Centigramme . 
Decigramme  . 

G-raqime 

D^kagramme  . 
Hectogramme . 
kilogramme  . 
M jnogramme . . . 


0-01643 

0-15432 

1-54323 

15-43235 

154-32349 

1543-23488 

15432-34880 

154323-48800 


0000032 
0-000322 
0003215 
0032151 
0-321507 
3-215073 
32150727 
321-507267 


0-0000022 
00000220 
0-0002205 
00022046 
0-0220462 
0-2204621 
2-2046213 
22-0462126 


00000000 
00000002 
00000020 
00000197 
00001968 
00019684 
0-0196841 
019684121 


o-ooooooo 

O'OOOOOOO 
O-OOOOOOl 
O-OOOOOIO 
O-OOOOOdS 
00000984 
O00O9842 
0-009842X 


1  grains 0*064799  gramme  ;  1  troj  ounce » 31*103496  grammes  ;  1  lb.  aToir. 
^0*453595  kilogrs. ;  1  cwt.  -  50*802377  kilogxv. 

Table  III. — French  Measures  of  Lengthy  with  their  English  Eqmvaknts. 


In  English 
inches. 

In  iJEogliih 
feet. 

In  Endifih 
jarda. 

InSnglisli 
pdlet. 

Millimetre  ... 
Centimetre  ... 
Decimetre    ... 
Metre  

0*03937 

0-39371 

3-93708 

89-37079 

393-70790 

393707900 

39370-79000 

393707-90000 

0-003281 

0*032809 

0*328090 

3*280899 

82-808992 

328089920 

3280-899200 

32808-992000 

00010936 

0-0109363 

01093683 

1*0936331 

10-9363310 

109-3633100 

1093-6331000 

10986*3310000 

0-0000006 
00000062 
0-0000621 
0-0006214 
0-0062138 
0-0621382 
0*6213824 
6-2138244 

D^kametre  ... 
HjBctometre... 
Kjlometre    ... 
Myriometre... 

1  inch  =  2-539954  centimetres ;  1  yard  =  0*9143835  metre. 
1  Coot  =r  3*0479449  d^imetres ;  1  mile  =  1*6093149  kilometre. 

Tj^le  IY. — French  Measures  of  Surface,  with  their  English  EquivalenU, 


Centiare,  or  square  metre 

Are,  or  100  square  metres   

Hectare,  or  10,000  square  metres 


In  English 
square  feet. 


10-764299 

1076-439934 

107642*993418 


In  English 
square  yards. 


In  EneUsh 
aeres=i8S60 
square  feet 


1-196038 

119-603326 

11960*332602 


00002471 
00247114 
2*4711481 


1  square  inch  =  6-4513669  square  centimetres ;  1  square  yard 

=  0-83609715  square  metres. 
1  square  foot  =t  9*2899683  square  d^metres ;  1  acre 

=1  0*40467102  hectare. 
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Table  Yl.—For  thB  Comparison  of  the  Cemtiffrade  and  Fakrenheii 

Thermometers, 


»<»C  =  ^»*  +  32°F. 

«°F 

^  9  ^*   ' 

52°)  C. 

dent. 

Fahr. 

Cent; 

FAhr. 

Cent. 

FaliT. 

Cent. 

Fahr. 

o 

o 

o 

o 

o 

o 

o^ 

».  ^ 

-■50 

-580 

-5 

230 

40 

1040 

85 

1850 

-49 

-56  2 

-4 

24-8 

41 

105-8 

86 

186-8 

-48 

-54-4 

-3 

26-6 

42 

107-6 

87 

188-6 

-47 

-52  6 

-2 

28-4 

43 

109-4 

88 

190-4 

-46 

-50-8 

-1 

30-2 

44 

111-2 

89 

192-2 

-45 

-490 

0 

320 

45 

1130 

90 

194-0 

-44 

-47-2 

+  1 

33*8 

46 

114-8 

91 

195-8 

-43 

-45*4 

2 

85*6 

47 

116-6 

92 

197-6 

-42 

-43-6 

3 

37-4 

48 

118-4 

93 

199-4 

-41 

-41-8 

4 

39-2 

49 

120-2 

94 

201-2 

-40 

-400 

5 

410 

50 

1220 

95 

2030 

•  -39 

-88-2 

6 

42-8 

51 

123-8 

96 

204-8 

-88 

-86-4 

7 

44-6 

52 

1256 

.  97 

206-6 

-37 

-34-6 

8 

46-4 

53 

127-4 

98 

208-4 

-36 

-32-8 

9 

48-2 

54 

129-2 

99 

210-2 

-35 

-310 

10 

50-0 

55 

131-0 

100 

2120 

-34 

-29-2 

11 

51-8 

56 

132-8 

101 

213-8 

-33 

-27-4 

12 

63-6 

57 

134-6 

102 

215-6 

-32 

-26-6 

13 

55-4 

58 

136-4 

103 

217-4 

-31 

-23-8 

14 

57-2 

59 

138-2 

104 

219-2 

-30 

-220 

15 

59-0 

60 

1400 

105 

2210 

-29 

-20-2 

16 

60-8 

61 

141-8 

106 

222*8 

-28 

-18-4 

17 

62-6 

62 

143-6 

107 

224-6 

-27 

-16-6 

18 

64-4 

63 

145-4 

108 

226-4 

-26 

-14-8 

19 

66-2 

64 

147-2 

109 

228-2 

-26 

-130 

20 

680 

65 

1490 

110 

230-0 

-24 

-11-2 

21 

69-8 

66 

150-8 

111 

231-8 

-23 

-  9-4 

22 

71-6 

67 

152-6 

112 

233-6 

-22 

-  7-6 

23 

73-4 

68 

154-4 

113 

235-4 

-21 

-  5-8 

24 

75-2 

69 

156-2 

114 

237-2 

-20 

-  4-0 

25 

770 

70 

158-0 

115 

239-0 

-19 

-  2  2 

26 

78-8 

71 

159-8 

116 

240-8 

-18 

-  0-4 

27 

80-6 

72 

161-6 

117 

242-6 

-17 

+  1-4 

28 

82*4 

73 

163-4 

118 

244-4 

-16 

3-2 

29 

84-2 

74 

165-2 

119 

246*2 

-15 

50 

30 

86-0 

75 

167-0 

120 

2480 

-14 

6-8 

31 

87-8 

76 

168-8 

121 

249-8 

-13 

8-6 

32 

89-6 

77 

170-6 

122 

251-6 

-12 

10-4 

33 

91*4 

78 

172-4 

123 

253-4 

-11 

12-2 

34 

93-2 

79 

174-2 

124 

255-2 

-10 

140 

35 

95-0 

80 

176-0 

125 

257-0 

-  9 

15-8 

36 

95-8 

81 

177-8 

126 

258-8 

-  8 

17-6 

37 

98-6 

82 

179-6 

127 

260-6 

-  7 

19-4 

88 

100-4 

83 

181-4 

128 

262*4 

-  6 

21-2 

39 

102-2 

84 

183-2 

129 

264-2 
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Cent. 

.Fahr. 

Cent. 

Fahr. 

Cent. 

Fahr. 

Cent. 

Fahr. 

130 

2660 

179 

354*2 

228 

442-4 

277 

530*6 

131 

267-8 

180 

3560 

229 

444*2 

278 

532*4 

132 

269-6 

181 

357-8 

230 

4460 

279 

634*2 

183 

271-4 

182 

359*6 

231 

447-8 

280 

536-0 

134 

273-2 

183 

861-4 

232 

449-6 

281 

537*8 

135 

2750 

184 

8632 

233 

451*4 

282 

539*6 

136 

276-8 

185 

3650 

234 

453-2 

283 

541*4 

137 

278-6 

186 

866-8 

235 

455*0 

284 

548*2 

138 

280-4 

187 

368-6 

236 

466-8 

285 

545-0 

139 

282-2 

188 

870*4 

237 

458-6 

286 

546-8 

140 

2840 

189 

372-2 

238 

460-4 

287 

548*6 

141 

285-8 

190 

374*0 

239 

462-2 

288 

550-4 

142 

287-6 

191 

375*8 

240 

4640 

289 

552*2 

143 

289-4 

192 

3776 

241 

465*8 

290 

554*0 

144 

291-2 

193 

379*4 

242 

467-6 

291 

555-8 

145 

2930 

194 

381-2 

243 

469-4 

292 

557-6 

146 

294-8  • 

195 

383-0 

244 

471*2 

293 

559-4 

147 

296-6 

196 

884-8 

245 

473-0 

294 

561*2 

148 

298-4 

197 

386-6 

246 

474-8 

295 

5680 

149 

300*2 

198 

888*4 

247 

476-6 

296 

564-8 

150 

3020 

199 

390-2 

248 

478-4 

297 

566*6 

151 

303-8 

200 

392*0 

249 

480-2 

298 

568-4 

152 

805-6 

201 

393*8 

250 

482*0 

299 

570-2 

153 

307-4 

202 

395*6 

251 

483-8 

300 

5720 

154 

309-2 

203 

397-4 

252 

4856 

301 

673-8 

155 

3110 

204 

899-2 

253 

487-4 

302 

575-6 

156 

312-8 

205 

4010 

254 

489-2 

303 

577-4 

167 

314-6 

206 

402-8 

255 

491-0 

304 

579-2 

158. 

816-4 

207 

404*6 

256 

492-8 

305 

581-0 

159 

318-2 

208 

406*4 

257 

494-6 

806 

582*8 

160 

820-0 

209 

408-2 

258 

496*4 

307 

584-6 

161 

821-8 

210 

4100 

259 

498*2 

808 

586-4 

162 

323-6 

211 

411-8 

260 

500-0 

809 

588-2 

163 

325-4 

212 

413-6 

261 

501-8 

310 

5900 

164 

327*2 

213 

415*4 

262 

503-6 

311 

591-8 

165 

329-0 

214 

417-2 

263 

505-4 

312 

593-6 

166 

330-8 

215 

419*0 

264 

507-2 

313 

695-4 

167 

332-6 

216 

420-8 

265 

5090 

314 

597-2 

168 

834-4 

217 

422*6 

266 

510-8 

315 

599-0 

169 

336-2 

218 

424-4 

267 

512-6 

316 

600-8 

170 

3380 

219 

426'2 

268 

514-4 

817 

602-6 

171 

339-8 

220 

428*0 

269 

516-2 

318 

604-4 

172 

841-6 

221 

429-8 

270 

5180 

819 

606-2 

173 

343-4 

222 

4316 

271 

519-8 

82()| 

6080 

174 

845*2 

223 

433-4 

272 

521-6 

175 

347-0 

224 

435*2 

273 

523-4 

176 

348-8 

225 

4370 

274 

525-2 

177 

350-6 

226 

438-8 

275 

5270 

178 

352-4 

227 

440-6 

276 

528-8 

-i^' 
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Tabli  Yn.Skounn^  the  QuanHfy  of  Oil  of  Vitriol  of  8pee{/ie  Oramiy 
1*8485,  and  of  AnMjfdrotu  Aeid^  in  100  Parts  of  dilute  Sulphuric  Aoid^ 
of  different  DentUiee^  according  to  Dr,  Ure, 


liquid. 

Speoifio 
Grmtity. 

Dry. 

Liquid. 

Specific 
Grmnty. 

Drj. 

100 

1*8485 

81-64 

60 

1-3884 

40*77 

d9 

1-8475 

80-72 

49 

1-3788 

39-95 

98 

1-8460 

79-90 

48 

1-3697 

3914 

97 

1-8439 

7909 

47 

1-3612 

38-32 

96 

l-84i0 

78-28 

46 

1-3680 

3751 

95 

1-8376 

77*46 

45 

1-3440 

36-69 

94 

1-8336 

76-65 

44 

1-3345 

35-88 

98 

1-8290 

75-83 

48 

1-8265 

85-06 

92 

1-8233 

75-02 

42 

1-3166 

84'25 

91 

1-8179 

74-20 

41 

1-3080 

83-43 

90 

1-8116 

73-39 

40 

1-2999 

3261 

89 

1*8043 

72-67 

89 

1-2913 

31-80 

88 

1-7962 

71-75 

88 

12826 

30-98 

87 

1-7870 

70-94 

87 

1-2740 

30'17 

86 

1-7774 

70-12 

36 

1-26^ 

29-35 

85 

1*7673 

69*31 

85 

1-2572 

28-64 

84 

1-7570 

68-49 

84 

1-2490 

27*72 

88 

1*7465 

67-68 

33 

1-2409 

26-91 

82 

1*7360 

66-86 

82 

1*2884 

26'09 

81 

1*7245 

6605 

81 

1-2260 

25-28 

80 

1*7100 

66-28 

80 

1-2184 

24'46 

79 

1*6998 

64-42 

29 

1-2108 

23*65 

78 

1-6870 

63-60 

28 

1-2032 

22'83 

77 

1-6750 

62-78 

27 

11966 

22*01 

76 

1*6630 

61*97 

26 

1*1876 

21-20 

75 

1*6520 

61-15 

25 

1-1792 

20'38 

74 

1*6415 

60-34 

24 

1*1706 

19-57 

73 

1-6321 

69-52 

23 

1*1626 

18-76 

72 

1*6204 

68*71 

22 

1*1649 

17^94 

71 

1*6090 

67-89 

21 

1-1480 

17*12 

70 

1*6975 

5708 

20 

11410 

16*31 

69 

1-5868 

66*26 

19 

1^1330 

15-49 

68 

1-5760 

66*43 

18 

11246 

14'68 

67 

1*5648 

64'63 

17 

11166 

13-86 

66 

1-6603 

63*82 

16 

11090 

13*05 

65 

1*6390 

63-00 

15 

11019 

12  23 

64 

1-5280 

5218 

14 

1*0953 

11*41 

63 

1-5170 

51-87 

18 

10887 

10-60 

62 

1*5066 

50-65 

12 

1*0809 

9*78 

61 

1-4960 

49-74 

11 

10743 

8-97 

60 

1-4860 

48-92 

10 

1*0682 

8-15 

59 

1*4760 

4811 

9 

1*0614 

7-84 

58 

1*4660 

47-29 

8 

1-0544 

6'62 

57 

1-4660 

46-48 

7 

10477 

5-71 

56 

1-4460 

46  66 

6 

1*0405 

4-89 

55 

1-4360 

44-86 

6 

1*0336 

4*08 

54 

1*4265 

4403 

4 

10268 

3-26 

53 

1-4170 

43  22 

8 

10206 

2446 

52 

1-4078 

42*40 

2 

10140 

1-68 

51 

18977 

4168 

1 

1*0974 

0*8154 
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Table  YTH.^^Shamnff  the  QuantUy  of  Seal  or  Anhydrous  NUrie  Acid  in 
100  ParU  of  Liquid  Aeid^  at  different  Deneitiee,  according  to  Dr.  Ure. 


SpedfioGntTity. 

Beal  Acid  in  100  Parte 
of  the  Liquid. 

Spedilo  Orvntf. 

Beal  Add  in  100  Parte 
of  the  Liquid. 

IBOOO 

79-700 

1-2947 

39*850 

1-4080 

78-903 

1-2887 

39-053 

1-4960 

78106 

1'2826 

38*266 

1-4940 

77*309 

1'2765 

37'459 

1-4910 

76-512 

1*2705 

36-662 

1-4880 

75-715 

1-2644 

36*866 

1-4850 

74-918 

1-2583 

36-068 

1-4820 

74-121 

1-2523 

34*271 

1-4790 

78'324 

1*246? 

83'474 

1-4760 

72-527 

1*2402 

32*677 

1-4730 

71-730 

1-2841 

81-880 

1-4700 

70-933 

1*2277 

31-083 

1-4670 

70-136 

1-2212 

30-286 

1-4640 

69-339 

1-2148 

29-489 

1-4600 

68-542 

1*2084 

28-692 

1-4570 

67-745 

1-8019 

27'896 

1-4530 

66^948 

1*1958 

27'098 

1-4500 

66155 

11895 

26-301 

1-4460 

65-354 

11833 

25'504 

1-4424 

64-557 

11770 

^•707 

1-4386 

63-760 

1-1709 

23*900 

1-4346 

62-963 

11648 

23'113 

1-4306 

62-166 

1*1587 

22-816 

1-4269 

61-369 

11626 

^1'619 

1-4228 

60-572 

1*1466 

20*722 

1-4189 

59-775 

11403 

19*926 

1-4147 

58-978 

1-1346 

19*128 

1-4107 

58181 

1*1286 

18'331 

1-4065 

57-384 

1-1227 

17-634 

1-4023 

66-587 

1'1168 

16-737 

1-3978 

55^790 

1*1109 

16*940 

1-3946 

54-993 

1*1051 

16'14d 

1-3882 

54196 

1'0998 

14-346 

1-3833 

58-899 

1'0935 

13-649 

1-3783 

52-602 

1*0878 

12*76« 

1-3732 

51-805 

1*0821 

11-956 

1-3681 

51-068 

1-0764 

11*158 

1-3630 

50-211 

10708 

ia-36i 

1-3579 

49-414 

10661 

9-664 

1-3529 

48-617 

10595 

8-767 

1-3477 

47-820 

1*0540 

7*970 

1-3427 

47'023 

10486 

7178 

1-3376 

46-226 

10430 

6-876 

1-8323 

46*429 

1'0875 

6'679 

1-3270 

44682 

1-0320 

4*782 

1*3216 

43-835 

10267 

3*986 

1-3113 

43038 

1*0212 

8*188 

1-3110 

42-241 

1-0159 

2-391 

1-3056 

41*444 

I'OIOO 

1'594 

1*3001 

40'647 

1-0058 

0*797 
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Table  IX. — Showing  the  Quantity  of  Absolute  Alcohol  m  Spirits  of 
different  Specific  Cfravitiee,  according  to  Lowitz, 


100  Parte. 

Speciflo 

GraTity. 

100  Puts. 

Bpedflo 

GraTitj. 

Alcohol. 

Water. 

At  e^*. 

At  eo". 

Alcohol. 

Water. 
51 

At  68'». 

At«r»». 

100 

0 

0-791 

0-796 

49 

0-917 

0-920 

99 

1 

0-794 

0-798 

48 

52 

0-919 

0-922 

98 

2 

0-797 

0-801 

47 

53 

0921 

0-924 

97 

3 

0-800 

0-804 

46 

54 

0-923 

0-926 

96 

4 

0-803 

0-807 

45 

55 

0-925 

0-928 

95 

5 

0-805 

0-809 

44 

56 

0-927 

0-980 

94 

6 

0-808 

0-812 

43 

67 

0-930 

0-983 

98 

7 

0-811 

0-815 

43 

58 

0-932 

0-935 

92 

8 

0-813 

0.817 

41 

59 

0-934 

0-937 

91 

9 

0-816 

0-820 

40 

60 

0-936 

0939 

90 

XO 

0-818 

0-822 

39 

61 

0-938 

0-941 

89 

11 

0-821 

0-825 

38 

62 

0-940 

0-943 

88 

12 

0-823 

0-827 

37 

63 

0-942 

0-945 

87 

13 

0-826 

0-830 

36 

64 

0-944 

0-947 

80 

14 

0-828 

0-832 

35 

65 

0-946 

0-949 

83 

1^ 

0-831 

0-835 

34 

66 

0-948 

0-951 

81. 

16 

0-834 

0-838 

33 

67 

0-950 

0-953 

83 

17 

0-836 

0-840 

32 

68 

0-952 

0-955 

82 

18 

0-839 

0-8i3 

31 

69 

0-954 

0-957 

81 

19 

0812 

0816 

30 

70 

0-956 

0-958 

80 

20 

0-844 

0-848 

29 

71 

0-957 

0-960 

79 

21 

0-847 

0-851 

28 

72 

0-959 

0-962 

78 

22 

0-849 

0-853 

27 

73 

0-961 

0-963 

77 

23 

0-851 

0-855 

26 

74 

0-963 

0-965 

76 

24 

0853 

0-857 

25 

75 

0-965 

0-967 

75 

25 

0-856 

0-860 

24 

76 

0-966 

0-968 

74 

2a 

0-859 

0-863 

23 

77 

0  968 

0-970 

73 

27 

0-861 

0-865 

22 

78 

0-970 

0-972 

72 

28 

0-863 

0-867 

21 

79 

0-971 

0-973 

71 

29. 

0-866 

0-870 

20 

80 

0-973 

0-974 

70 

30 

0868 

0-872 

19 

81 

0-974 

0-975 

69 

31 

0-870 

0-874 

18 

82 

0-976 

0-977 

68 

32 

0-872 

0-875 

17 

83 

0-977 

0-978 

67 

33 

0-875 

0-879 

16 

84 

0-978 

0-979 

66 

34 

0-877 

0-881 

15 

85 

0-980 

0-981 

65 

35 

0-880 

0-883 

14 

86 

0-981 

0-982 

64 

36 

0-882 

0-886 

13 

87 

0-983 

0-984 

63 

37 

0886 

0889 

12 

88 

0-985 

0-986 

62 

38 

0-887 

0-891 

11 

89 

0-986 

0-987 

61 

39 

0-889 

0-893 

10 

90 

0-987 

0-988 

60 

40 

0-892 

0-896 

9 

91 

0-988 

0-989 

59 

41 

0-894 

0-898 

8 

92 

0-989 

0990 

68 

42 

0-896 

0-900 

7 

93 

0-991 

0-991 

57 

43 

0-899 

0-902 

6 

94 

0-992 

0-992 

56 

44 

0-901 

0-904 

5 

95 

0-994 

55 

45 

0-903 

0-906 

4 

96 

0-995 

54 

46 

0-905 

0-908 

3 

97 

0-997 

53 

47 

0-907 

0-910 

2 

98 

0-998 

52 

48 

0-909 

0-912 

1 

99 

0-999 

51 

49 

0-912 

0-915 

0 

100 

1-000 

50 

50 

0-914 

0-917 
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Tablb  X.^Shomng  the  Quantify  of  Absolute  Alcohol  hy  WeigU  in  Mix- 
iwret  of  Alcohol  and  Water  of  different  Specific  OravitieSy  according  to 
Mr.  IJhrinktocUer.* 


Sp.  Gr. 

Alcohol 

Sp.  Gr. 

Alcohol 

Sp.  Gr. 

Alcohol 

Sp.  Gr. 

Aloohul 

at 

per  cent 

at 

per  cent. 

at 

peroeut. 

at 

percent. 

«(y  P. 

by  weight. 
0-00 

GO°P. 

by  weight. 

«0*»F. 

by  weight. 

OOP  P. 

by  weight. 

1-0000 

•9959 

222 

•9918 

4*64       1 

•9877 

730 

-9999 

005 

■9958 

228 

•9917 

4-70      , 

•9876 

7-37 

9998 

Oil 

•9957 

2-34 

•9916 

476    ; 

•9875 

7'43 

9997 

016 

•9956 

2-37 

■9915 

4-82 

•9874 

7-50 

9996 

0-21 

•9955 

2-45 

•9914 

4^88 

•9873 

7^57 

9995 

0-26 

•9954 

2-51 

•9913 

4^94       1 

•9872 

7-64 

9994 

0-32 

•9953 

257 

•9912 

5^01 

•9871 

7-71 

9993 

0-37 

•9952 

2-62 

•9911 

507 

•9870 

7-68 

9992 

0-42 

•9951 

268 

•9910 

513 

•9869 

7-85 

9991 

0-47 

•9950 

2-74 

•9909 

520 

•9868 

7-92 

'9990 

0*53 

•994i) 

2-79 

•9908 

526 

•9867 

799 

.9989 

0-58 

•9948 

285 

•9907 

532 

-9866 

806 

-9988 

0-64 

•9947 

2-91 

•9906 

5-39 

•9865 

813 

•9987 

0-69 

•9946 

2-97 

■9905 

645 

-9864 

820 

-9986 

0-74 

•9945 

302 

•9904 

5-51 

•9863 

8-27 

9985 

0-80 

•9944 

3-08 

•9903 

5-58 

•9862 

834 

-9984 

0-85 

•9943 

314 

•9902 

564 

•9861 

8-41 

9983 

0-91 

•9942 

3-20 

-9901 

570 

•9860 

8-48 

-9982 

0-96 

•9941 

3-26 

•9900 

5-77 

•9859 

8-55 

-9981 

102 

•9940 

382 

•9899 

5*83 

•9858 

8-62 

-9980 

107 

•9939 

8-37 

•9898 

5-89 

•9857 

8-70 

•9979 

1-12 

•9938 

343 

•9897 

5-96 

•9856 

877 

-9978 

118 

■9987 

3-49 

•9896 

602 

•9855 

8-84 

•9977 

1-23 

'9936 

355 

•9895 

609 

•9854 

8-91 

■9976 

1-29 

•9935 

3-61 

•9894 

615 

-9858 

8*98 

9975 

1-84 

•9934 

367 

•9893 

622 

•9852 

9-05 

•9974 

1-40 

•9988 

8-73 

•9892 

629 

•9851 

912 

9973 

1*45 

9932 

3-78 

•9891 

6-85 

•9850 

.    9-20 

9972 

1-51 

•9931 

3-84 

•9890 

642 

•9849 

9-27 

9971 

1-56 

•9930 

8-90 

•9889 

649 

-9848 

9*34 

•9970 

1-61 

-9929 

8-96 

•9888 

6-55 

•9847 

9-41 

9969 

1-67 

•9928 

402 

•9887 

6-62 

•9846 

949 

-9968 

1-73 

•9927 

408 

•9886 

6-69 

•9845 

9-56 

•9967 

1-78 

•9926 

414 

•9885 

675 

•9844 

9-63 

9966 

1-88 

•9925 

4-20 

•9884 

682 

•9843 

9-70 

9965 

1-89 

•9924 

4-27 

•9888 

689 

•9842 

9-78 

•9964 

1*94 

•9923 

433 

•9882 

6-95 

•9841 

9-85 

9968 

1-99 

•9922 

4-39 

•9881 

7-02 

•9840 

9-92 

-9962 

2-05 

•9921 

4-45 

•9880 

709 

•9839 

9-99 

'9961 

211 

•9920 

4-51 

•9879 

716 

•9838 

1007 

•9960 

217 

•9919 

457 

■9878 

7-23 

1 

Tho  absolute  alcohol,  with  which  the  experimentB  which  fumiehed  the  data  for  the 
above  Table  were  inado,  was  prepared  as  folio ws  :— Carbonate  of  potaasa  was  exposed  to 
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a  red'heat  todepriT«  it  of  water ;  and,  when  >iiffioientlT  cool,  was  puWeiized  and  added 
to  ordinarj  alcohol  of  specific  gravitj  *860  at  6(P  F.  till  it  ceased  to  dissolTe  any 
more :  the  whole  was  then  allowed  to  digest  34  hours,  being  frequently  agitated,  when 
the  alcohol  was  careftillj  poured  off.  As  much  fresh-burned  quicklime  as  was  considered 
sufficient,  when  powdered,  to  absorb  the  whole  of  the  alcohol,  was  introduced  into  a  re- 
tort, and  the  alcohol  added  to  it ;  after  digesting  48  hours,  it  was  slowly  distilled  in  a 
water-bath  at  a  temperature  of  about  180°  F.  The  alcohol  thus  obtained  was  oare- 
fiiUy  redistilled,  ana  its  speoiflc  grarit^  at  60*  F.  was  found  in  two  experiments  to  be 
*704(S  and  '7947.  It  was  subsequently  digested  a  second  and  a  third  time  for  sereral  daya 
with  recently  ignited  quicklime,  and  redistilled  at  17S^  F.  The  mean  of  scTersl  de. 
terminations  gave  the  number  '79981,  which  the  author  thinks  may  be  regarded  aa 
expressing  the  true  specific  gravity  of  sbaolute  alcohol  at  60°  F. 


Table  XI. — Tension  of  Aqueous  Vapour  at 
difflerewt  Temperatures, 


0 
1 
2 
8 

4 

5 

6 

•7 

8 

9 

10 

11 

12 

13 


logs 

I  IP 


4-525 
4-867 
6-231 
6-619 
6032 
6-471 
6-939 
7436 
7-964 
8-525 
9-126 
9-751 
10-421 
11180 


14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 


5ls  • 

lip 


8 


11-882 
12-677 
13-619 
14-409 
15-851 
16-345 
17-396 
18-505 
19-676 
20-909 
22-211 
23-582 
25026 
26-547 


28 
29 
30 
31 
82 
83 
34 
85 
86 
87 
88 
39 
40 


g 

S 


5  fl  ^ 

sis 

0   K 


28*148 
29-832 
31*602 
33-464 
35-419 
37*473 
39*630 
41*893 
44*268 
46-768 
49*368 
52-102 
54-969 
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8vo,  18jr. 

Journal  of  Botany  and  Kew  Miscellany. 

Original  Papers  by  eminent  Botanists,  Communications  from  Botanical  TnveDers, 
etc.    Edited  by  W.  J.  Hooker,  D.C.L.,  F.R.S. 

Vols.  IV.  to  IX.,  each,  12  plates,  some  coloured,  £1.  4i. 
A  complete  set  in  9  vols.,  half  calf,  £10. 16#. 


LOTELL-  lUSBYlJE   AND   CO/s   PUBLICATIONS.  6 

The  London  Journal  of  Botany. 

\  Edited  bj  Sir  W.  J.  Hoour,  D.C.L.,  F.R.S.,  Director  of  the  Royal  Gardeos  of 

Kew. 

Vol.  YII.,  oompileting  the  SerieB,  23  plates,  plain,  8(l«. 

Iconea  Plantarum. 

Figarea  of  New  and  Rare  Plants,    B7  Sir  W.  J.  Hookeb,  F.R.S.    New  series. 

Vol.  v.,  100  plates,  SUO^;. 
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I  COLONIAL  AND  FOREIGN  FLORAS. 

Flora  of  New  Zeala/nd^  Handbook  of. 

A  Systematic  Description  of  the  Native  Plants  of  New  Zealand,  and  the  Chatham, 
Kermadec's,  Jjord  Auckland's,  Campbell's,  and  Macqnarrie's  Islands.  By  J.  D. 
Hooker,  M.D.,  F.R.S.,  L.S.,  and  G.S.  Published  nnder  the  authority  of  the 
Government  of  New  Zealand.    Part  I.,  16«. 

[Part  JI^  eompleHnff  the  loork,  in  preparalion. 

Flora  AtcstraUensis. 

A  Description  of  the  Plants  of  the  Australian  Territory.  By  G.  Bkntham,  F.R.S., 
P.L.S. ;  assisted  by  Ferdinand  MuELTiER,  M.D.,  F.R.S.  and  L.S.,  Government 
Botanist,  Melbourne,  Victoria. 

Vols.  I.  and  II.,  each  20«.        IFol.  TIL  in  preparation. 

Flora  HongJcongenm  ; 

A  Description  of  the  Flowering  Plants  and  Ferns  of  the  Island  of  Hongkong. 
By  Georob  BENTHAif,  F.L.S.    With  a  Map  of  the  Island. 

In  One  Volume,  560  pages,  I6«. 

Flora  of  the  British  West  Indian  Islands. 

By  A.  H.  R.  Grisebach,  M.D.,  Professor  of  Botany  in  University  of  Gottingen. 
^  Parts  I.  to  VI.,  5«.  each.    Part  VII.,  7«.  td.     Or,  in  one  thick  volume,  Zlt.  td. 

The  Botany  of  the  Antarctic  Voyage 

of  H,M,SS.  **£rebut "  and  "Terror  "  in  the  years  1839-1848,  under  the  command 
I  of  Captain  Sir  J.  C.  Ross,  R.N.,  F.R.S.    By  Joseph  Dalton  Hooker,  M.D., 

'  F.R.S. 

1.  Flora  of  Lord  Auckland  and  CangtbelVs  Islands ^  and  of 

Fuegia,  the  Folk/and  lelande,  etc. 

In  2  vols.,  200  plates,  £10.  lbs,  coloured;  £7.  lOs,  plain. 

2.  Flora  of  New  Zealand. 

In  2  vols.,  180  plates,  £18.  2s,  6d,  coloured ;  £0.  5#.  phun. 

3.  Flora  of  Tasmania, 

In  2  vols.,  200  plates,  £17.  10*.  coloured ;  £12.  10«.  plain. 

Cryptogamia  Anta/rctica  ; 

Or,  Cryptogamic  Plants  of  the  Antarctic  Islands.    Issued  separately. 
In  One  Volume,  quarto,  £4.  4«.  coloured;  £2.  17'*  plain* 


8  IX)y£LL  REBVX  AND  Co/s   FUBUCATlOira. 

On  the  Flora  of  Australia, 

Its  Origin,  Affinities,  and  Distribation ;  being  an  Introdoctory  Essay  to  the  '  Rora 
of  Tasmania.'     By  Joseph  Dalton  Hooker,  M.D.,  F.R.S. 

128  pages,  quarto,  10s, 

On  the  Flora  of  New  Zealand; 

'   Its  Origin,  Affinities,  and  Oeographical  Distribution ;  being  an  Introductory  fibsa 
to  the  *  Flora  of  New  Zeaknd.*    By  Joseph  Daxton  Hooker,  M.D.,  F.R.S. 

40  pagra,  quarto,  %t. 

Outlines  of  Elementa/ry  Botany , 

As  Introductory  to  Local  Floras.    By  Oeoroe  Bentham,  V.P.I/.S. 

46  pages,  stitched,  2«.  64/. 


PEENS. 
The  British  Ferns. 

Coloured  Figures  and  Descriptions,  with  Analyses  of  the  Fructification  and  Vena- 
tion, of  the  Ferns  of  the  British  Isles,  Systematically  Arranged.  By  Sir  W.  J. 
Hooker,  K.H.,  D.C.L.,  etc. 

Royal  8vo,  66  coloured  pUtcs  by  fitch,  £2.  2«. 

Oa/rden  Ferns. 

Coloured  Figures  and  Descriptions,  with  Analyses  of  the  Fructification  and  Ve- 
nation, of  the  Ferns  best  adapted  for  Cultivation  in  the  Garden,  Hothouse^  and 
Conserratory.    By  Sir  W.  J.  IIooker,  K.H.,  D.C.L.,  etc. 
Royal  8to,  64  coloured  plates  by  Fitch,  £2.  2j. 

Filices  Bxoticm. 

Century  of  Exotic  Ferns,  particularly  of  such  as  are  most  deserving  of  Cultivation. 
By  Sir  W.  J.  Hooker,  K.H.,  D.C.L. 

Royal  4to,  100  coloured  plates  by  Fitch,  £6.  Wt, 

Ferwy  Combes. 

A  Ramble  after  Ferns  in  the  Glens  and  Valleys  of  Devonshire.  By  Charlotte 
Chanter.  Second  Edition. 

Fcp.  8vo,  8  coloured  plates  by  Fitch,  and  a  Map  of  the  County,  5«. 


MOSSES. 
Handbook  of  the  British  Mosses ; 

A  Description  of  all  the  Mosses  inhabiting  the  British  Isles,  with  Coloured  Figures 
and  Dissections  of  158  Species,  from  Original  Drawings  by  W.  Fitch.  By  the 
Rev.  M.  J.  Berkeley,  M.A.,  F.L.S. 

24  coloured  plates,  21«. 


SEAWEEDS. 
Synopsis  of  British  Seaweeds. 

Descriptions  of  all  the  known  Species,  compiled  from  Professor  Harvey *» '  Put • 

COLOGIA  BritAMMICA.' 

A  pock  t  volume,  220  pages,  Bj. 


LOVELL  REEVIS  AND  OO/s   PUBLICATIONS.  1 

Phycologia  Britannica. 

A  History  of  the  Britiah  Seaweeds;  containing  ooloored  Figures  and  Descriptions 
of  all  the  Species  of  Algae  inhabiting  the  Shores  of  the  Britiah  Islands.    B7  Wil- 
liam HsNBT  Haeyxy,  M.D.,  F.R.S.,  Professor  of  Botany  to  the  Dnblin  Society. 
In  4  vols,  royal  8?o,  860  coloured  plates,  £6.  &f. 
Reissue,  Parts  I.  to  XVI.,  each  %s,  6d. 

Phycologia  Australica. 

A  History  of  Australian  Seaweeds,  containing  Coloured  Figures  and  Descriptions 
uniform  with  the  'Phycologia  Britannica.'  By  William  Henst  Haste t,  MJ)., 
F.R.S. 

Ck)mplete  in  6  vols.,  each  containing  60  coloured  plates.    Yob.  I.  to  lY.,  each,  80#. 

VoL  Y.,  with  Synopsis  and  Indexes,  38«. 

Nereis  AuatraUa. 

Figures  and  Descriptions  of  Marine  Plants  collected  on  the  Shores  of  the  Cape  of 
(jk>od  Hope,  the  extra-tropical  Australian  Colonies,  Tasmania,  New  Zealand,  and 
the  Antarctic  Regions.    By  Professor  Hakyet,  M.D.,  F.R.S. 

Imperial  Svo,  Two  Parts,  each,  containing  25  coloured  plates,  £1. 1#. 


FUNGI. 

Outlines  of  British  Fimgology^ 

Containing  Characters  of  ahove  a  Thousand  Species  of  Fungi,  and  a  Complete  List 
of  all  that  have  been  described  as  Natives  of  the  British  Isles.  By  the  Rev.  M.  J. 
Berkelet,  M.A.,  F.L.S.  With  Coloured  Figures  and  Dissections  of  170  Species 
by  Fitch. 

Svo,  24  coloured  plates,  80«. 

The  Bsculent  Funguses  of  Bnglcmd. 

An  Account  of  their  Classical  History,  Uses,  Characters,  Development,  Nutritious 
Properties,  Modes  of  Cooking,  etc.  By  C.  D.  Badham,  M JD.  New  Edition, 
Edited  by  Fseik  Cukrey,  M.A.,  F.R.S.,  F.L.S. 

Svo,  12  coloured  plates,  12*. 

Illustrations  of  British  Mycology. 

Figures  and  Descriptions  of  the  Funguses  of  interest  and  novelty  indigenous  to 
Britain.    By  Mrs.  Husset. 

Royal  4toi  First  Series,  00  coloured  plates,  £7.  iU.  M.; 
Second  Series^  60  plates,  £4. 10#. 

Illustrations  of  Ikmgi. 

By  Mrs.  Price.    Royal  4to,  10  coloured  plates,  21#. 


ZOOLOGT. 

Zoology  of  the  Voyage  of  H.M.8.  Sama/ram^^ 

Under  the  conunand  of  Captain  Sir  Edward  Beleher,  C.B.,  F.R. A  .S.,  during  the 
Years  1843-46.    Edited  by  Arthur  Adams,  F.L.S. 

The  Vertebrate,  with  8  plates,  by  John  Edward  Oray,  F.R.S. ;  the  Fishes,  with 
10  plates,  by  Sir  John  Richardson,  F.R.S. ;  the  MoUusca,  with  24  plates,  by 
Arthur  ^dams,  F.L.S.,  and  Lovell  Reeve,  F.L.S.;  the  Crustacea,  with  18  plates, 
by  Arthur  Adams,  F.L.S.,  and  Adam  White,  F.L.S. 

Royal  4to,  55  coloured  plates,  £8.  10#. 
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A  Reissne  of  the  Orders  Coleopten,  Drpten,  Hjmenopten,  and  Lepiddpten, 
in  Monthly  Farta,  each  oontainiog  5  plates,  with  text,  price  2«.  6€^.,  commeuccd 
Janoaiy  1st,  1868. 

Imecta  Britannica ; 

Vols.  11.  and  111.,  Diptera.    By  Francis  Walker,  F.L.S. 

8vo,  «&cb,  with  10  plates,  25#. 


Cv/rtii  British  Entomology. 

IHustrations  and  Descriptions  of  the  Genera  of  Insects  foand  in  Great  Brit»ii     ' 
and  Ireland,  contaiuing  ooloored  fignres,  from  nature,  of  the  most  rare  and  beau- 
tiful species,  and,  in  many  instances,  of  the  plants  npon  which  they  are  foand. 

Complete  in  8  vols.,  8vo,  770  coloured  copper  plates,  £16. 16#. 


MOLLUSES  AND  SHELLS. 
The  Land  and  Freshwater  MoUuaha 

Indigenous  to  and  Naturalized  in  the  Briiith  Isles.  By  Lovell  Reetx,  F.L.S. 
With  finely-execnted  Wood-Engravings  of  the  Shell  of  each  Species  by  6.  B. 
SowERBY,  and  of  the  Living  Animal  of  each  Genus  hy  O.  J^wnr. 

8vo,  10*.  M. 

Mlementa  of  Conchology  ; 

An  Introduction  to  the  Natural  History  of  Sheila,  and  of  the  AyiPftlff  which  form 
them.    By  Loyjell  Reeve,  F.L.S. 

2  vols.,  62  oolonred  plates,  £2. 16«. 

Conchologia  Systematica. 

A  Complete  System  of  Conchology ;  in  which  the  Lepades  and  Conchiferons  Mol- 
lusca  are  described  and  classified  according  to  their  Natural  Oi^nization  'and 
Habits.    By  Lovell  Reeve,  F.L.S. 

2  vols.  4to,  300  coloured  plates,  £8.  8#. 

Conchologia  Iconica. 

]<1gurefl  and  Descriptions  of  the  Shells  of  the  MoUusca,  with  Remarks  on  their  Aifi. 
Tiities,  Synonymy,  and  Geographical  Distribution.  By  Lovell  Reeve,  F.L.S., 
F.G.S.  The  Drawings  by  G.  B.  Sowerby,  F.L.S.  Monthly.  In  Parts,  demy  4to, 
each,  containing  8  coloured  plates,  10*.    Parts  240  and  241  just  pablished. 


LOTELL  EEEYE  AND  CO.  S  PUBIJCATIONS. 


9 


OONCHOIiOOIA  lOONICA  IN  MONOOBAFH8. 


CMnwk* 

PlalM. 
S3 

AnBAVtir«t.rA 

6 

ABAMnSLLA    

Ampbismma 

Ampvllasia   

Ajtastoxa 

AlTATtVA    

8 

7 

38 

1 

4 

AjrouLOYUii 

.......   « 

AiroxiA 

8 

ASOA 

17 

AjlCK>lf  AUTA 

4 

Abtbmxb  

a8pbb6xu.um 

ATXOUI.A    

BuccuUk    

10 

4 

18 

14 

Bvi>ncuv 

89 

BULLIA 

4 

OALTPnXA 

8 

Cahoxllaxia  ..... 

18 

Oay«a    

1 

9 

Cappita   

9 

Caboivm 

83 

Cassisaeia 

Cassis  

1 

,  12 

Chaxa 

9 

Chaxostexa  

Chitov 

1 

ss 

CHiToirsLLns 

1 

Choitdbopoxa   .. 

ClBOB     

11 

10 

COLUICBBLLA    

COVOHOLBPAB 

Cosus  

87 

3 

68 

COBBULA  

Cbahia 

6 

1 

Gaassatblla  

Gbbvatvla  

Cbbpidvla 

CBUCIBULm    

Cyolophobvs 

Otcujstoma   .... 

Ctclotus 

CriCBnnc 

Gtpbjia 

8 

8 

6 

7 

80 

88 

9 

88 

97 

Ctpbioabdxa 

Ctthbbba  

8 

10 

DlLPHUrULA    

DiOWB   

6 

12 

DOLIUM 

8 

DOITAX 

........    9 

Bbvbva    

Faboxolabxa 

FiCVLA  

1 

7 

1 

FlSSUBBLLA      

16 

Fusvs   

81 

OLAUooiroMa 

1 

Halia   

1 

Haltotxs 

Habpa  

17 

4 

Hblxx  

810 

1 

Hbxisutub 

8 

1 

fliPPOPUS 

lANmXVA 

lo    

1 

6 

8 

isooabdxa 

Lbptopoxa 

Lxvevi^  

LiTHODOXUB    

LxnOBXlTA    

LUOXVA 

1 

8 

8 

6 

18 

11 

lutbabxa 

Maoyba   

Mauivs 

5 

:::::::  'l 

£.    9. 

4. 

0«nan.                1 

Plata 

1    9 

0 
0 
0 
0 

VAFftBXrXA 

.    8 

0    8 

MlfLAFT^  ................. 

69 

0    8 

Mblavopsis 

.    8 

0    9 

MBX.AXOXA    

.    8 

1  IS 

8 

MlBTB   

.    S 

0    1 

8 

Mbsaua  &  BeusiA.. 

.    1 

0    6 

6 

Mbsodbbma 

.    4 

0    8 

0 
6 

Mbta 

.    1 

0  10 

MXTBA    

.  89 

1    1 

6 

MODXOLA  

.  11 

0    6 

8 
0 

MOVOOBBOB.. 

,    4 

0  18 

HUBBX 

87 

0    6 

8 

Htaooba 

.    1 

1    8 

0 

Mtocvama 

.    1 

0  18 

0 

Httilvb 

.  11 

6  12 

0 
6 

Nassa 

19 

0    6 

Katxca 

80 

0  10 

6 

Kaittxlitb 

.    8 

1    8 

0 

Katiobixa  a  Latia  .. 

.    8 

0    1 

8 
0 

Nbbxxa 

.  19 

0    8 

Nbbxtina 

.87 

0  11 

6 
0 

Olxta    

SO 

1    8 

Ovxboia    

.    1 

0    1 

6 

Obbxcula 

1 

OlS 

6 

Paludxva 

.  11 

on 

6 

Palvdomitb 

.    8 

0    1 

8 

Fabtula 

.    4 

8    8 

0 

Fatblla  

.48 

0    1 

6 

Fbotbv 

.  86 

0  14 

0 

Pbgtuvculus 

.    9 

OlS 

0 

Fboux 

1 

8    7 

0 

Pbbva  

6 

0    8 

0 

FaASIAVXLXJL 

.    8 

8  11 

0 

Phobvb 

.    8 

0    8 

8 
8 

PxirvA  

34 

0    1 

PXEBITA 

.    8 

0    4 

0 

PLAOVXAVOICIA 

.    8 

0    8 

0 

Plbubotoxa 

.  40 

0    6 

6 

FSAICICOBIA 

.    8 

0    9 

0 

FSAlCXOTXIiLA 

.    1 

1    6 

8 

Ftbboobba  

.    8 

1    9 

0 

FnBOOTOLM 

.    6 

Oil 

8 

0 
0 

FXTBPVBA 

.  13 

1  18 

■PTBXTI#A 

9 

1  14 

Baitblla 

.    8 

0    8 

0 

BlOIVULA 

.    8 

OlS 

0 

Robvbllabia 

3 

0    8 

Savouivolabxa 

.    1 

0  16 

BCABABUff 

.    8 

0  10 

SuCPUXiOPBIB     

,    8 

on 

SXPHOHABXA 

.    7 

0    1 

BOLBTBXrLrPTA  ......... 

.    4 

0    9 

8PO]n>TX1TB 

.  18 

0    1 

Stbombub 

19 

1    0 

Btbuthioxjibia  

.    1 

1    8 

Tapbs 

18 

0    1 

Tbrxbba  

87 

0    1 

Tbrbbbllux  

.    1 

1    1 

TBBXBBATUX.A  &  BtK- 

• 

0    6 

OHOITBLLA    

.  11 

IS    6 

Thiaoxa  

.    8 

0    1 

Tbidaoiia    

.    8 

0    8 

Tbisovxa 

.    1 

0    1 

TSITOV 

.  80 

0    1 

Tboohita 

.    8 

0    6 

TBO0H17S  

.  16 

0    4 

TUOOBIA    

.    1 

0    1 

TVBBXHBLLA     

.  IS 

0  10 

TVBBO    

.  IS 

0    8 

TVBBITBLLA 

.  11 

0    6 

6 
0 

UXBBXLLA    

.    1 

1    8 

Vbitub  .„ 

88 

0  14 

YlTilXVA     

,  10 

0    6 

VOLUIA 

.  28 

1    8 

VVLBBLLA 

,    3 

0    4 

ZxzTiyanrrs 

.    8 

M.  •.  4. 
0  10  6 
3  14    6 


0 
0 
0 
0 
0 
0 
8 


4 
4 
4 
1 
6 
1 
9 


0  14 
0  6 
8  7 
0  1 
0    1 

0  14 
117 

1  18 
0    8 

0  10 

1  4 

?  7 
1  18 
0  1 
0  1 
0  14 
0  4 
0  6 
8  18 
8  4 
Oil 
0  1 
0    8 


8 

4 

8 

8 

4 
8  10 
0  10 
0  1 
0  8 
0  8 
0  16 
Oil 
0  10  6 
0    8    0 

4 

1 

4 

8 

9 

6 

S 

4 

1 


0 
0 
0 
6 
8 
8 
8 
0 
8 
0 
8 
6 
0 
0 
0 
0 
6 
0 
0 
0 
8 
8 
0 
0 
6 
0 
0 
6 
6 
0 
0 
0 
0 
0 
0 
6 
6 
8 
0 
6 
6 
6 


0 
0 
0 
0 
0 
0 
1 
1 
0 


0  16 

1  14 
0    1 

0  14 
0  4 
0  10 


6 
6 
0 
0 
0 
6 
0 
0 
6 
8 
8 
6 


1 

6 

4 

0 

1 
0  16 
0  16 
0  14    U 

0  16 

1  IS 
0  13 
18  0 
0  8  0 
0  10    6 


0 
0 
6 
6 
6 
0 
6 
6 
6 
6 


0 
0 


10  LOVELL  KBEYE  AND  CO/s  PUBLICATIOKS. 

GEOLOGY. 

The  Oeologiat. 

A  Magazine  of  Geology,  Ptdseontologyt  and  Mineralogy,    niiutnted  with  highly 
finished  Wood  Engravings.    Edited  by  S.  J.  Ma.ckie,  F.6.S.,  F.S.A. 

Vols.  V.  and  VI.,  each,  with  numerous  Wood  Engravings,  18^.    Vol.  VIL  0«. 


CHEMISTKY. 


Chemical  Analysts,  Qualitative  and  Quantitative. 

By  Henry  M.  Noad,  Ph.D,,  F.R.S.,  F.C.S.,  Lecturer  on  Chemistry  at  St.  George's 
Hospital.  Wood-Engravings,  16*.  Or  separately,  Pabt  L,  *  QUALITATIVE,'  6*. 
Part  IL,  *  QUANTITATIVE,'  10*.  td. 


GEOGRAPHY. 


A  Sv/roey  of  the  Early  Geography  of  Western  Mu^ 

rope,  as  connected  with  the  First  Inhabitants  of  Britain,  their  Origin,  Language, 
Religious  Rites,  and  Edifices.  By  Henrt  Lawes  Long,  Esq. 

8vo,  6*. 


VOYAGES  AND   TRAVELS. 
The  Oate  of  the  Pacific. 

An  Account  of  Central  America,  the  various  schemes  of  transit  that  have  been  pro- 
posed, and  the  importance  of  a  route  independent  of  American  infloence.     By 
Commander  Bedford  Piif,  R.N.,  F.R.G.S.,  Assoc.  Inst.  C.E. 
8vo,  8  Chromo-Lithographs,  Maps  and  Plans,  18«. 

Three  Cities  in  Russia. 

By  Professor  C.  Piazzi  Sictth,  F.R.SS.L.  &  E.,  Astronomer  Royal  for  Scotland, 
Author  of '  Teneriffe,  an  Astronomer's  Experiment,'  etc. 

2  Vols.,  post  Svo,  Maps  and  Wood-Engravings,  2d#. 

Travels  on  the  Amazon  and  lUo  Negro^ 

With  an  Account  of  the  Native  Tribes,  and  Observations  on  the  Climate,  Geolt^, 
and  Natural  History  of  the  Amason  Valley.  By  Alfred  R.  Wallace,  Esq. 
With  Remarks  on  the  Vocabularies  of  Amazoniui  languages,  by  R.  G.  Latham, 
M.D.,  F.R.S. 

Royal  Svo,  6  phitea  and  maps,  18#. 

Western  Himalaya  and  Tibet ; 

Narrative  of  a  Journey  through  the  Mountains  of  Northern  India.  By  Thomas 
Thomson,  M.D.,  Assistant-Surgeon,  Bengal  Army. 

8vo,  Tinted  Lithographs  and  Map,  16«. 

Travels  in  the  Interior  of  Brazil, 

Principally  through  the  Northern  Provinces  and  the  Gold  and  Diamond  Districts. 
By  George  Gardner,  M.D.,  F.L.S.    Second  Edition. 

8vo,  Plate  and  Map,  12#. 
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Narrative  of  a  WalMng  Tow  in  Brittany. 

By  John  Mounteney  Jephson,  B.A.,  "F.SA,     Aooompanied  by  Notes  of  a 
Photographic  Expedition  by  Loyell  Rexye,  P.L.S. 
Roytd  8vo,  with  Map  by  Arrowsmith,  and  Stereoscopic  Frontispiece,  12^.; 
or  with  90  Photographic  Vignettes,  £2.  2s, 

*«*  .Issued  separately  are  90  stereographs,  moanted  on  cards  for  ose  in  the 
Stereoscope,  in  box  with  lock  and  key,  £4.  4#. 

Reissue  in  Monthly  Parts,  each,  with  4  Photographs,  1#.  M. 

The  Conway. 

Narrative  of  a  Walking  Tour  in  North  Wales ;  accompanied  by  Descriptive  and 
Historical  Notes.    By  J.  B.  Davidson,  Esq.,  M.A. 

Extra  gilt,  20  stereographs  of  Welsh  Scenery,  21«. 


PHOTOGRAPHY. 
Portraits  of  Men  of  Eminence  in  Literature,  Science^ 

and  Art,  With  Biographical  Memoirs.  Edited  by  Lovkll  Reeye,  F.L.S.  The 
Portraits  photographed  from  life  by  Eenest  Edwards,  B.A.  Vols.  I.  and  II., 
doth,  gilt  top,  each  21«. 

Contents  of  Vol.  J. : — 


Earl  Stanhope,  D.C.L.,  F.R.S. 

Sir  Charles  Ltell,  D.C.L.,  F.R.S. 

J.  H.  Foley,  R.A. 

W.  M.  Thackeray. 

Sir  R.  I.  MuRCHisoN,  D.C.L.,  F.R.8. 

David  Roberts,  R.A. 

Rev.  W.  Whkwbll,  D.D.,  F.B.S. 

Professor  Owen,  D.C.L.,  F.R.S. 

George  Gilbert  Scott,  R.A. 

Sir  Gardner  Wilkinson,  D.C.L.,  F.R.S. 

Sir  W.  J.  Hooker,  D.C.L.,  F.R.S. 

Proi.  Sterndale  Bennett^  Mus.  Doc. 


R.  G.  Latham,  M.D.,  F.B.S. 
W.  Fergusson,  F.R.S. 
Solomon  Hart,  R.A. 
Robert  Browning. 
Dr.  J.  E.  Gray,  F.R.S. 
E.  H.  Baily,  R.A. 
J.  O.  Halliwell,  F.R.S.,  F.S.A. 
Professor  Huxley,  Ph.D.,  F.R.S. 
James  Fergusson,  M.R.I.B.A. 
Rey.  F.  D.  Mai^rice,  M.A. 
Michael  Faraday,  D.C.L.,  F.R.S. 
George  Cruikshank. 


Contents  of  Vol.  II. ; — 


Sir  J.  Ranald  Martin,  C.B.,  F.R.S. 

Rey.  M.  J.  Berkeley,  MA.,  F.L.S. 

Sir  George  Smart. 

Antonio  Panizzi,  D.CL. 

Professor  Tyndall,  F.R.S. 

Thomas  Woolner. 

Samuel  Warren,  D.C.L.,  F.R.S. 

Hugh  Cuming,  F.L.S. 

Jules  Benedict. 

The  Lord  Bishop  of  St.  David's. 

John  Gould,  F.KS. 

Thomas  Faed,  A.R.A. 


Major-Gen.  Sir  H.  C.  Rawunson. 

Dr.  W.  B.  Carpenter. 

John  Pye. 

Joseph  Dalton  Hooker,  M.D.,  F.R.S. 

Professor  Westwood,  F.R.S. 

A.  J.  B.  Bebesford-Hopb. 

Matthew  Fontaine  Maury. 

Robert  Hunt,  F.R.S. 

Forbes  Winslow,  M.D.,  F.L.S. 

Thomas  Thorn yceo ft. 

James  Scott  Bowerbank,  LL.D.,F.R.S. 

William  Allen  Miller,  M.D.,  F.R.S. 


[To  be  continued  in  Monthly  Parts,  each  coulainiug  Three  Portrait  with  Memoirs,  2r.  C<^.] 
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Sketches  in  India. 

Taken  at  Hyderabad  and  Secunderabad,  in  the  Madras  Presidency.    By  CAPTAur 
Allan  N.  Scott,  Madras  Artillery.    Edited  by  C.  R.  Weld. 
100  Photographic  Vignettes,  £3.  S«.    Mounted  as  Slides  for  the  Stereoscope,  £5.  S*. 

Photographic  Magazine  ; 

A  R^oe  of  the  Subjects  and  DescriptioDS  of  the  '  Stereoscopic  Magazine.' 
In  Monthly  Numbers,  each,  with  8  Photographs,  \s. 

The  Stereoscopic  Magazine. 

A  Gallery  for  the  Stereoscope  of  Landscape  Scenery,  Architectore,  Antiqnitaea, 
Natural  History,  Rustic  Character,  etc.    With  Descriptions.     2^.  td.     Monthly. 
4  vols.,  each  complete  in  itself  and  containing  50  Stereographs,  £2.  2<. 

Stereographs  in  Sets. 

Stonyhurst   College  and  its  Environs;   Photographed   by 

ROGEB  Fenton.    15  slides,  15«. 

T%e  Conway  Stereographs^    20  slides^  20s. 

The  Brittany  Stereographs.    90  slides^  in  box  with  lock  and 

key,  £4.  4f. 

The  Isle  of  Wight  Stereographs.     22  slides^  21*. 

Interior  of  the  British  Museum.     By  Roger  Fbnton,  Esq. 

25  slides,  25s. 

English  Castles  and  Abbeys.     14  slides^  148. 
Foreign  Castles  and  Abbeys.    24  slides^  24«. 
English  Cathedrals  and  Churches.    21  slides,  21*. 
Foreign  Cathedrals  and  Churches.    38  slides,  38*. 
Calvaries  and  Crosses.     10  slides,  10*. 
Druidical  Remains,     6  slides,  6*. 

%*  Any  of  the  above  Stereographs  may  be  had  singly  at  1«.  each;  alao 
a  list  of  440  subjects. 

Poldmg  Stereoscopes  in  cases,  8^ .  6^.  each. 
Photographic  Views  for  Scrapbooks,  unmounted,  4^.  each,  %t,  a  dozen,  18«.  a  hundred. 


ANTIQUITIES.  * 
Manual  of  British  Archeology. 

By  the  Rev.  Charles  Boutell,  M.A. 
Contents. — Chap.  1.  Architecture. — 2.  Architectural  Accessories.  —  8.  Sepulchral 
Monuments.— 4.    Heraldry. — 5.   Seals. — 6.    Coins. — 7.   Palseography,    llluminationa 
and  Inscriptions. — 8.  Arms  and  Armour. — 9.  Costumes  and  Personal  Omamenta. — 10. 
Pottery,  Porcelain  and  Glass. — 11.  Miscellaneous  Sulijects. 

Royal  16mo,  20  coloured  pktes,  10«.  6</. 

nora  Ferales. 

studies  in  the  Archssology  of  the  Northern  Nations.  By  the  late  John  M. 
Kemble,  M.A.  Edited  by  K.  G.  Latham,  M.D.,  F.R.S.,  and  Augustus  "W. 
Pbanks,  F.S.A. 

4to,  84  plates,  11  coloured,  £3.  8#. 
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mSGELLANEOnS. 

Shahespere,  His  Birthplace^  Home^  and  Orave ; 

A  PQgrimaee  to  Straiford-on-Avon  in  the  Aatnmn  of  18 AS.    B7  the  Rev.  J.  M. 
Jkphson,  B.A.,  P.S.A.    With  Photographic  lUoBtrations  hy  Eroest  Edwarda,  B.A. 
A  Contribution  to  the  Tercentenary  Commemoration  of  the  Poet's  Birth. 
A  Handsome  Volnme,  small  4to,  doth  gilt  21«.  morocco  81«.  td. 

Dictionary  of  Natural  History  Terms,  with  their 

Derivation ;  including  the  various  Orders,  Genera,  and  Species.  By  Dayid  H. 
M'NicoLL,  M.D.,  Member  of  the  Royal  College  of  Physicians. 

Crown  8vo.     12«.  61/. 

Phosphorescence ; 

Or,  the  Emission  of  Light  by  Minerals,  Plants,  and  Animals.  By  Dr.  T.  L. 
Phipson,  F.C.S.,  Member  of  the  Chemical  Sode^  of  Paris,  etc.  etc. 

Numerous  Illustrations,  5«. 

Shakespeare^ s  Sonnets, 

Facsimile,  by  Photo-Zincography,  of  the  YmX  Printed  edition  of  1 609.  From  the 
Copy  in  the  Library  of  Bndgewater  House,  by  permission  of  the  Right  Hon.  the 
Earl  of  EUesmere. 

10#.  6</. 

lAtera/ry  Papers  on  Scientific  Subjects. 

By  the  late  Professor  Sdwakd  Forbes,  F.R.S.,  sdected  from  his  Writings  in  the 
'Literaiy  Gazette.'    With  a  Portrait  and  Memoir. 

Small  8vo,  6s. 

A  Treatise  on  the  Growth  and  Futv/re  Treatment 

of  Timber  Tree$,    By  G.  W.  NurroN,  of  OUersett,  J.P. 

Half-bound  calf,  10«.  6^. 

Parhs  and  Pleasure  Grounds ; 

Or,  Practical  Notes  on  Country  Residences,  Villas,  Public  Pftrks,  and  Gardens. 
By  Charles  H.  J.  Smith,  Landscape  Gardener. 

Crown  8vo,  &f . 

The  Pkmeta/ry  and  Stellar  Universe. 

A  Series  of  Lectures.    With  Illustrations.    By  R.  J.  Mamn. 

12mo,  6«. 

The  Artificial  Production  of  Fish. 

By  P18CARIU8.    Third  EdUum,    1#. 

The  Antiquity  of  Ma/n. 

An  Examination  of  Sir  Charles  LyeU's  recent  Work.    By  S.  R.  PATTisoir,  F.G.S. 

Second  JSdiiion,    8vo,  le. 

Guide  to  Cool- Orchid  Gromng. 

By  James  Batsman,  Esq.,  F.R.S.,  F.L.S.;  Author  of  'The  Orchidacea 4>f  Mexico 
and  Guatemala.'    Woodcuts,  1#. 
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SERIALS. 

Monograph  of  Odontoglossum. 

FX.S.    I 

2Ij.  each 


By  James  Bateman,  F.R.S.,  FX.S.     Imperial  folio,  6  colonred  plates. 

Part. 


Photographic  Portraits  of  Men  of  Eminence. 

With  Biographical  Memoirs.  The  Photographs  hy  Ernest  Edwards,  B.A.  Three 
Portraits,  with  Memoirs  in  each  Fart. 

2«.  6i.  Monthly. 

Phtfcologia  Britannica ;  History  of  British  Seaweeds. 

By  Professor  Harvey,  M.D.,  F.R.S.    Re-issue  in  Monthly  Parts,  each  containing 
7  colonred  plates. 

2a,  Qd.  Monthly. 

Illustrated  Handbook  of  the  British  Flbra. 

By  G.  Bentuak,  F.R.S.,  President  of  the  Lianean  Society.    Wood  Engravings, 
with  Dissections,  of  every  Species,  from  original  Drawings  hy  W.  Fitch. 

2#.  6^.  Monthly. 

Botanical  Magazine. 

New  and  Rare  Plants.    With  Descriptions  by  Sir  W.  Hooker,  D.C.L.,  F.R.S., 
and  6  colonred  plates,  wiUi  Dissections,  by  W.  Fitch. 

8«.  6</.  Monthly. 

Floral  Magazine : 

New  Popular  Garden  Flowers.    With  Descriptions  by  the  Rev.  H.  H.  Doms&aik. 
4  colonred^  plates  by  Andrews. 

2s,  ^d.  Monthly. 

Select  Orchidaceous  Plants. 

By  R.  Warner,  F.R.H.S. 

Folio,  4  coloured  plates,  lOt .  M,  Quarterly. 

Conchologia  Iconica. 

By  LovELL  Rbbvb,  F.L.S. 

4to,  8  coloured  plates,  10«.  Monthly. 

Curtis''  British  Coleoptera. 

5  colonred  copper-plates,  2t,  6d[.  Monthly. 

Curtis^  British  Lepidoptera. 

5  coloured  copper-plates,  %s,  6d,  Monthly. 

Curtis^  British  Hymenoptera. 

5  colonred  copper-plates,  2i.  ^d.  Monthly. 

Curtis^  British  Diptera. 

5  coloured  copper-plates,  2j.  6^/.  Monthly. 

Stereoscopic  Magazine. 

3  stereographs,  with  Descriptions,  2/.  M.  Monthly. 

Photographic  Magazine. 

&  photographs,  with  Descriptions,  1#.  Monthly. 


IB 


